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DISEASES  OF  THE  PLEURA. 


BY 

HERBERT  B.  WHITNEY, 


DISEASES  OF  THE  PLEURA. 


PLEURISY. 


The  classification  of  pleural  inflammations  adopted  in  the  follow- 
ing pages  needs  no  apology.  A  purely  etiological  division  of  tlie 
subject  is  still  imiDossible,  great  as  tlie  progress  of  the  past  few 
years  in  this  direction  has  been.  Distinctions  based  upon  acuteness 
and  clironicity  are  liardly  applicable  to  an  affection  like  pleurisy,  in 
wliicli  there  are  innumerable  gradations  between  the  two  extremes. 
The  character  of  the  exudate,  whether  fibrinous,  serofibrinous,  or 
purulent,  still  remains  the  prominent  factor  which  regiilates  both  the 
prognosis  of  the  disease  and  its  practical  management  by  the  jjhysi- 
cian. 

Dry  Pleurisy. 

Definition. — Dry  or  fibrinous  pleurisy  is  an  acute  or  chi'onic  in- 
flammation of  the  whole  or  a  part  of  the  pleural  membrane,  charac- 
terized by  an  exudation  of  fibrin  upon  the  free  surface  of  the  latter. 

Etiology. 

Dry  pleurisy  is  a  very  common  disease.  This  is  to  be  inferred 
not  so  much  from  its  clinical  frequency  as  from  the  fact  that  in 
autopsies  it  is  almost  an  exceptional  occurrence  to  find  the  pleura 
entirely  free  from  adhesions.  Smith,  for  examjDle,  in  a  series  of  one 
hundred  and  t^venty  post-mortem  examinations  in  individuals  who 
had  died  from  all  sorts  of  diseases,  found  adhesions  in  no  less  than 
eighty  per  cent.  That  such  adhesions  are  extremely  frequent  is  cer- 
tainly in  accord  with  the  general  experience  of  most  observers. 

As  a  primary  affection,  however,  diw  pleurisy  is  comjoaratively 
rare ;  Engster,  among  one  hunded  and  sixty -three  cases  of  apparently 
primary  pleurisy,  found  only  sixteen  of  the  dry  form. 

Three  possible  causes  of  primary  dry  pleurisy  are  commonly 
given,  viz.,  cold,  rheumatism,  and  tuberculosis.  The  latter  form  of 
primary  dry  pleurisy,  that  is  to  say,  a  primary  pleural  tuberculosis 
which,  from  beginning  to  end,  produces  a  purely  fibrinous  exudate, 
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is  extremely  rare.  A  dry  pleurisy  as  a  local  expression  of  tlie  rheu- 
matic diathesis  is  possibly  more  common ;  Peter,  at  all  events,  is  of 
this  opinion,  though  it  is  probable  that  the  serofibrinous  form  of 
rheumatic  pleurisy  is  far  more  frequent.  Finally,  the  influence  of 
cold  would  seem  to  be  unquestionable  in  such  instances,  for  example, 
as  those  cited  by  Fraentzel  in  his  article  in  Ziemssen's  Cyclopaedia; 
and  yet  one  cannot  help  thinking  that  here,  as  elsewhere,  exposure 
in  its  various  forms  can  play  at  best  but  a  subordinate  role — the 
prologue  to  some  form  of  bacterial  infection. 

Most  fibrinous  pleurisies  are  secondary,  and  their  great  anatomi- 
cal frequency  is  to  be  ascribed  chiefly  to  the  fact  that  nearly  all  acute 
affections  of  the  lung  are  accompanied  by  a  fibrinous  inflammation 
of  the  adjoining  pleura;  so  with  all  forms  of  pneumonia,  with 
abscesses,  and  with  infarctions.  Less  often  the  infection  comes 
from  without,  and  must  be  sought  in  affections  of  the  axillary 
glands  or  of  the  breast,  or  it  follows  trauma,  with  or  without  a  per- 
forating wound;  especially  cancer  of  the  breast  is  not  infrequently 
complicated  by  a  dry  pleurisy.  Rarely  the  channel  of  infection 
may  be  through  the  diaphragm— as  so  often  occurs  with  inflamma- 
tory affections  of  the  liver. 

But  the  disease  upon  which  particular  emphasis  is  to  be  laid  in 
the  etiology  of  dry  pleurisy  is  pulmonary  phthisis.  Few  cases  of  the 
latter,  possibly  none,  run  their  course  without  sooner  or  later  devel- 
oping a  dry  pleurisy.  It  is  one  of  the  commonest  of  the  many  com- 
plications which  vary  the  clinical  course  of  jjhthisis.  Smith,  in  one 
hundred  and  iorty  cases  of  pleural  adhesions,  found  pulmonary 
phthisis  in  over  thirty-three  per  cent.,  and  cheesy  nodules  in  the 
lungs  in  a  large  number  of  the  remaining;  in  only  nine  cases,  how- 
ever, did  the  pleurae  contain  tubercles,  and  it  is  probable  that  but  a 
very  small  proportion  of  the  dry  i)leurisies  which  complicate  pul- 
monary phthisis  are  themselves  tuberculous. 

Pathologicaij  Anatomy. 

It  is  seldom  that  an  opportunity  is  jDresented  for  observing  the 
early  pathological  appearances  of  dry  pleurisy.  Judging,  however, 
from  analogy,  and  from  observation  of  the  pleurae  of  dogs  after  the 
injection  of  irritating  substances,  the  succession  of  -anatomical 
changes  is  probably  the  following :  First,  the  affected  portion  of  the 
pleura  is  seen  to  be  slightly  reddened,  although  its  glistening  ap- 
pearance is  not  immediately  lost;  rarely  the  whole  costal  and  pul- 
monary pleura  may  be  thus  involved;  but  in  by  far  the  greater  pro- 
portion of  caaes  the  affected  region  is  comparatively  limited.     This 
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initial  redness  grows  more  intense  until,  after  the  lapse  of  a  few 
hours,  the  next  stage  in  the  inflammatory  process  begins — that  of 
exudation.  The  membrane  now  begins  to  lose  its  gloss  and  to 
look  dull  and  opaque.  On  careful  inspection  a  very  thin  coating  of 
hbrin  may  then  be  perceived  as  a  finely  granular  layer  which  is 
unevenly  distributed  over  the  inflamed  surface.  This  fibrinous 
exudation  rapidly  increases  and  soon  becomes  plainly  perceptible 
as  a  more  or  less  shaggy  membrane,  the  free  surface  of  which  pre- 
sents a  varying  appearance  of  yHU,  knobs,  and  granules,  or  furrows. 
If,  as  is  very  often  the  case,  the  opposite  pleural  surface  is  likewise 
involved,  the  two  become  temporarily  agglutinated,  and  connecting 
bands  of  fibrin  pass  from  one  surface  to  the  other.  If  the  mem- 
brane be  scraped  off  the  underlying  i)leura  will  be  found  a^jparentl}' 
but  little  altered. 

TMiile  these  gross  changes  are  taking  place  ui)on  the  surface, 
important  histological  processes  are  going  on  in  the  substance  of 
the  pleuiB  itself,  and  in  the  deeper  layers  of  the  newly  formed  false 
membrane.  At  first  the  superficial  vessels  become  engorged  with 
blood,  the  lymph  channels  are  distended,  a  few  of  the  endothelial 
cells  have  fallen  oft'  in  patches,  and  already,  within  the  first  six 
hours,  a  fine  reticulum  of  fibrin  may  be  perceived  between  and  over- 
lapping the  endothelial  cells.  The  superficial  connective-tissue 
cells  are  also  swollen  and  increased  in  number — changes  which  are 
often  fully  developed  at  the  end  of  twenty -four  hours  (Delafield  and 
Pruddeu).  By  the  third  or  fourth  day  these  cells,  together  with 
mononuclear  leucocytes,  have  penetrated  into  the  deeper  layers  of 
the  false  membrane,  and  at  about  the  same  time  newly  formed  vessels 
appear  upon  the  free  surface  of  the  pleura  as  small  linear  sprouts 
which  project  into  the  fibrinous  laj^er  above. 

The  subsequent  development  of  this  inflammatory  process  varies 
greatly  with  its  intensity  and  duration,  and  also  according  to  the 
frequency  of  its  repetition.  In  some  cases  the  ultimate  residue  of 
the  process  is  very  slight ;  the  fibrinous  exudate  is  wholly  absorbed, 
the  connective-tissue  proliferation  is  insignificant,  and  there  re- 
mains only  a  permanent  white  glistening  spot  of  pleural  thicken- 
ing. In  most  cases,  however,  the  quantity  of  newly  formed  tissue 
is  more  abundant.  The  proliferative  jDrocess  involves  not  onh'  the 
surface  of  the  pleura,  but  also  the  connecting  bridles  of  fibrin  between 
the  opposite  pleural  walls;  and  later  these  become  organized  into 
adhesions  which  permanently  unite  the  costal  and  pulmonary  pleurae, 
and  considerably  impair  the  respiratory  mobility  of  the  lung.  As  a 
result  of  successive  attacks  of  dry  pleurisy  these  adhesions  may  in 
time  obliterate  a  large  part  or  even  the  whole  of  both  pleural  cavities. 


6  WHITNEY — DISEASES  OF  THE  PLEUKA. 

But  the  development  of  even  a  complete  synechia  of  the  pleural 
surfaces  does  not  by  any  means  exhaust  the  possible  consequences  of 
simple  dry  pleurisy.  In  a  small  proportion  of  cases,  because  either 
of  unusual  severity  of  the  inflammatory  process  or  of  frequent  and 
long-repeated  attacks,  the  proliferation  of  pleural  tissue  may  be 
excessive.  It  is  unquestionably  true  that  these  cases  of  enormously 
thickened  pleurae  are  very  apt  to  be  tuberculous,  and  also  that  they 
are  much  more  frequent  as  results  of  serofibrinous  pleurisies  than 
of  the  dry  form.  But  they  do  assuredly  follow  the  latter  in  some 
instances,  and  Sir  Andrew  Clark  called  especial  attention  to  the 
relative  frequency  of  this  event,  and  to  the  serious  train  of  conse- 
quences involved.  Here  the  pleura  may  be  found  enormously  thick- 
ened throughout — in  extreme  cases  to  an  inch  or  even  more.  Fur- 
thermore, it  appears  to  be  rare  for  this  process  to  be  confined  to  the 
pleura  alone.  Ziegler  states  that  even  in  an  ordinary  acute  pleu- 
risy it  is  not  very  exceptional  for  a  lymphangitis  to  extend  from 
the  inflamed  pleura  along  the  Ij-mphatics  of  the  interlobular  septa 
and  possibly  also  to  give  rise  to  an  interlobular  pneumonia.  In 
chronic  pleural  thickening  this  tendency  to  invasion  of  the  lung  by 
the  proliferative  process  is  still  greater.  The  interlobular  septa  be- 
come also  gradually  thickened,  first  at  the  periphery,  and  then  in 
the  deeper  parts  of  the  lung,  until  finally  the  perivascular  and  peri- 
bronchial connective  tissue  becomes  more  or  less  universally  involved. 
With  this  fibroid  process  there  is  a  corresponding  compression  of 
the  alveoli,  which  in  part  become  atelectatic ;  also  a  development  of 
bronchiectatic  cavities  from  traction  of  the  fibrous  tissue  and  in- 
creased atmospheric  pressure  within.  Eventually  marked  shrink- 
ing occurs  which  in  time  results  in  great  deformity  of  the  chest. 
The  spine  shows  a  lateral  curvature,  the  shoulder  droops,  the  scapula 
projects  outwards,  and  the  whole  affected  side  of  the  thorax  appears 
shrunken  and  depressed;  the  heart  and  mediastinum  are  drawn 
towards  the  affected  side,  and  finally  there  is  a  development  of  cir- 
culatory and  systemic  changes  which  seriously  jeopardize  the  life  of 
the  individual. 

Syjmttoms. 

These  vary  exceedingly  according  as  the  attack  is  primary  or 
secondary,  acute  or  chronic,  of  violent  or  of  insidious  onset. 

An  acute  attack  of  primary  dry  pleurisy  is  usually  attended  by 
considerable  constitutional  disturbance  and  more  or  less  pronounced 
respiratory  symptoms.  There  is  rarely  any  premonitory  period,  and 
the  first  and  most  prominent  symptom  is  a  severe  pain  in  the  side. 
This  pain  is  usually  described  as  sharp,  cutting,  or  lancinating  in 
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character.  As  a  rule  of  only  moderate  severity  and  easily  endured, 
it  at  times  readies  a  degree  of  violence  wliicli  may  well  give  it  a  Ligli 
rank  among  the  possible  causes  of  intense  suffering.  Thus  I  have 
occasionally  seen  cases  of.  acute  pleuritic  pain  which  even  the  largest 
doses  of  morijhine  seemed  x:>owerless  to  relieve ;  and  in  which  the  facial 
expression,  the  cries  and  contortions  of  the  patient  recalled  vividly 
the  agony  of  a  biliary  or  renal  calculus.  But  in  the  great  majorit}-^ 
of  cases  the  pain  is  onl}^  moderate.  It  is  felt  oftenest,  without 
doubt,  at  the  seat  of  inflammation ;  and  since  this  is  usually  in  the 
lower  and  lateral  regions  of  the  pleura,  owing  probabl}^  to  the 
greater  mobility'  and  consequent  suscei^tibility  of  these  parts,  it  is 
here  also  that  the  pain  is  usually  felt — either  just  outside  the  nipi^le, 
or  in  the  axillary  region,  or  behind,  near  the  angle  of  the  scapula. 
In  exceptional  instances  it  is  referred  to  the  terminations  of  the 
intercostal  nerves,  and  may  then  be  located  a  considerable  distance 
from  the  seat  of  inflammation — often  lower  down  or  farther  forward. 
Very  rarely  it  has  been  found  at  the  umbilicus,  thus  suggesting  a 
grave  abdominal  affection,  or  even  upon  the  side  opposite  to  the  one 
diseased. 

The  pain  of  j)leurisy  is  greatly  aggravated  b}^  anything  which 
increases  the  respiratory  movement  of  the  inflamed  surfaces.  The 
sufferer  usuallj^  tries  to  avoid  this  by  posture ;  but  since  local  pres- 
sure is  equally  painful  this  attemi)t  is  often  fruitless.  Perhaps  the 
majority  of  pleuritics  lie  upon  the  unaffected  side,  fearing  the  pres- 
sure of  body  weight  more  than  the  increased  respiratory  movement. 
Others  lie  upon  the  affected  side ;  assuming,  however,  a  semirotated 
position,  so  that  while  the  respiratory  excursions  are  restrained  there 
is  no  direct  pressure  upon  the  region  involved.  Nothing  aggravates 
the  j)ain  of  acute  pleurisy  more  than  cough ;  hence  the  cough  which 
usually  attends  the  onset  of  the  disease  has  a  somewhat  peculiar 
character ;  it  is  short,  superficial,  suppressed ;  forcibly  held  back,  as 
it  were,  by  the  patient.  This  cough  is  rarely  entirely  lacking  during 
the  first  few  days  of  a  dry  pleurisy.  It  is  dry,  or  at  most  attended 
by  only  the  slightest  expectoration  of  bronchial  mucus.  Its  cause  is 
doubtful.  A  direct  pleural  origin  had  always  been  assumed  until 
Nothnagel  claimed  that  artificial  irritation  of  the  pleura  was  power- 
less to  provoke  a  cough,  and  ascribed  that  in  question  to  an  ac- 
companying bronchitis;  but  Nothnagel's  experiments  have  not 
been  confirmed,  and  the  matter  still  remains  undecided.  The 
cough  of  pleurisy  usually  persists  until  the  inflammatory  process 
either  has  subsided  or  has  gone  on  to  an  abundant  fluid  exuda- 
tion. The  pain  also,  after  remaining  at  its  acme  during  perhaps 
the   first  two   or  three  days,    gradually    disappears    even   in  cases 
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in  wliicli  a  loud  and  constant  friction  still  indicates  the  continuance 
of  inflammation. 

Another  very  common  symptom  of  acute  dry  pleurisj''  is  dyspnoea; 
this  is  not  excessive  as  in  pneumonia,  but  there  is  a  variable  increase 
in  the  rapidity  of  respiration  according  to  the  amount  of  pain.  By 
a  more  shallow,  and  therefore  of  necessity  more  rapid  respiration,  the 
movement  of  the  inflamed  surfaces  is  reduced  to  a  minimum,  and  the 
pain  is  made  less  violent. 

The  constitutional  symptoms  of  the  affection  are  of  only  moderate 
intensity.  A  chill  is  rare.  The  temperature  rises  at  once  to  102°  or 
103°  F.,  remains  there  for  two  to  three  days,  and  then  rapidly  falls 
to  normal.  There  are,  of  course,  many  variations  from  this  type, 
but  the  symptoms  hitherto  described  represent  the  usual  course  of 
acute  idiopathic  dry  pleurisy. 

But  it  can  hardly  be  questioned  that  many  primary  pleurisies, 
possibly  even  a  majority,  are  not  known  of  or  detected  during  life. 
Purely  secondary  forms  will  hardly  account  for  the  enormous  fre- 
quency of  pleuritic  adhesions  as  disclosed  upon  the  post-mortem 
table.  We  can  only  infer  that  in  very  many  cases  a  primary  pleurisy 
may  develop  insidiously  and  painlessly,  and  run  its  course  to  the 
production  of  newly  formed  tissue  with  none  of  the  usual  accompani- 
ments of  an  acute  inflammatory  process.  This  would  also  further 
appear  from  the  well-known  clinical  fact  that  a  condition  of  enor- 
mous thickening  of  the  pleura,  with  secondary  involvement  of  the 
pulmonary  septa  and  subsequent  fibroid  contraction,  may  develop 
almost  without  pain  and  unknown  to  the  victim.  Again,  it  is  a  mat- 
ter of  everyday  occurrence,  especially  in  pulmonary  phthisis  in  which 
the  attention  is  constantly  called  to  the  chest,  to  find  well-marked 
friction,  although  neither  pain  nor  any  other  respiratory  or  constitu- 
tional disturbance  has  suggested  pleurisy.  It  is,  therefore,  to  be 
regarded  as  comparativelj^  frequent  for  a  dry  pleurisy  to  pursue 
throughout  an  absolutely  latent  and  unrecognized  course,  which  may 
exceptionally  result  in  an  important  series  of  changes  in  the  pleura 
and  adjacent  lung.  The  clinical  bearing  of  these  conditions  will  be 
more  fully  considered  under  the  heading  of  pleural  adhesions. 

As  to  the  symptomatology  of  secondary  dry  pleurisies,  such  as 
complicate  the  various  pulmonary  inflammations,  notably  croupous 
pneumonia  and  phthisis,  little  need  be  said.  The  affection  is 
then  but  a  more  or  less  trivial  incident  in  the  course  of  the  primary 
disease,  and  its  symptoms  are  often  wholly  merged  in  those  of  the 
latter.  In  pneumonia  it  is  probable  that  much  of  the  acute  pain  is 
due  to  the  complicating  pleurisy;  and  in  phthisis,  when  the  pleural 
inflammation  is  less   acute  and  widespread,   its  presence  may  be 
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suggested  by  rather  transitory  and  fleeting  pains  about  the  shoulder 
and  scapuhi,  or,  as  stated,  it  may  give  rise  to  no  rational  signs 
whatever. 

Physical  Signs. 

Practically  the  only  physical  sign  oi  acute  dry  pleurisy  is  fric- 
tion. Percussion  is  unchanged;  and  a  diminished  respiratory 
murmur,  which  might  theoretically  be  presumed  from  the  shallow- 
ness of  respiration,  has  little  or  no  clinical  existence.  Friction, 
however,  more  than  compensates  for  the  paucity  of  other  signs 
because  of  its  great  constancy'  and  its  pathognomonic  character. 
When  heard,  it  is  conclusive  evidence  of  i)leurisy,  though  pleurisy 
may  undoubtedly  exist  without  friction.  As  a  rule,  friction  is  one 
of  the  most  easily  recognizable  and  most  distinctive  of  all  the  sounds 
which  originate  in  the  thorax.  Once  heard,  it  is  ever  afterwards 
unmistakable.  Its  rough,  grating  character  is  precisely  what  would 
be  expected  from  the  friction  of  two  moist  and  roughened  surfaces. 
Usually  it  accompanies  both  inspiration  and  expiration,  beginning 
with  the  end  of  the  former,  and  occupying  nearly  the  whole  of  the 
latter.  A  deep  inspiration  may  at  times  be  necessary  to  its  pro- 
duction. Its  character  is  usually  jerky ;  it  is  made  up  of  separate 
rubs  which  give  the  impression  as  if  one  pleural  surface  moved 
over  the  other  by  a  rapid  succession  of  hitches.  Sometimes  its 
quality  is  creaking  like  that  of  new  leather ;  again  it  resembles  very 
closely  the  crumpling  sound  made  in  walking  over  newly  fallen 
snow.  These  are  the  more  common  varieties.  More  rarely  the 
sound  is  not  so  characteristic ;  it  may  be  dryer  and  shorter,  and  is 
said  in  some  instances  to  resemble  a  sonorous  rale;  such  cases 
must  be  extremely  rare.  So  also  with  the  pleural  "rustlings"  de- 
scribed by  certain  authors  as  incident  to  the  presence  of  chronic 
and  extensive  pleural  thickening,  and  as  somewhat  similar  to  a 
subcrepitant  rale;  such  sounds  are  occasionally  heard,  but  whether 
they  are  of  pleural  or  pulmonary  origin  is  very  difficult  to  decide. 

Besides  their  peculiar  qualitj',  friction  sounds  have  certain  other 
characteristics  which  differentiate  them  more  or  less  completely 
from  pulmonary  and  bronchial  rales.  In  the  first  place  they  are 
superficial  and  give  this  impression  to  the  ear.  Often  they  impart 
a  fi'emitus  to  the  hand  laid  upon  the  chest;  and  sometimes  indeed 
the  rub  can  be  heard  by  the  patient  himself.  Again,  a  friction 
sound  is,  as  a  rule,  quite  uninfluenced  by  cough;  cough  does  not 
cause  it  in  any  way  to  change  its  quality  or  location  as  is  often 
true  of  bronchial  rales.  A  friction  sound  is  local,  at  least  it  has  a 
point  of  greatest  intensity  from  which  it  is  not  widely  transmitted ;  a 
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sonorous  rale  is  often  heard  throughout  the  whole  chest.  But  after 
all,  these  distinctions  are  of  but  little  service;  one  instantly  recog- 
nizes a  rub  simply  because  he  has  heard  the  same  sound  before. 

The  seat  of  friction  in  the  great  majority  of  cases  is  over  the  lower 
half  of  the  chest,  particularly  in  the  region  of  the  nipple  in  front, 
and  of  the  angle  of  the  scajDula  behind;  it  may  be  heard  over  the 
upper  front,  but  any  practitioner  of  experience  will  probably  be  sur- 
prised at  the  few  cases  he  can  recall  in  which  the  rub  was  heard  above 
the  third  or  fourth  rib.  And  yet  pleurisy  as  proven  by  adhesions  is 
common  enough  over  the  upx^er  lobes ;  it  is  probable  that  a  certain 
amount  of  expansion  is  necessary  to  effect  the  necessary  separation, 
of  the  agglutinated  pleural  sui-faces,  and  that  this  is  only  possible 
below,  where  the  respiratory  excursion  of  the  lung  is  greatest. 

The  duration  of  friction  is  quite  variable.  It  is  often  present  at 
one  examination  and  absent  at  the  next;  or,  on  the  other  hand, 
either  the  same  sound  or  newer  ones  may  persist  with  remarkable 
intensity  for  many  days  after  pain  and  all  other  symptoms  of  the 
affection  have  entirely  disappeared. 

Serofibrinous  Pleurisy. 

Definition. — Serofibronous  pleurisy  or  pleurisy  with  effusion  is 
an  inflammation  of  the  pleura  attended  with  both  a  fibrinous  and  a 
serous  exudate. 

Etiology. 

Serofibrinous  pleurisy  has  always  been  regarded,  in  the  vast 
majority  of  cases,  as  a  primary  idiopathic  disease,  but  though  it  is 
unquestionably  true  that  its  clinical  relation  to  other  conditions  is 
still  difficult  to  determine,  few  cases  can  now  be  recognized  as  genu- 
inely idiopathic. 

Great  interest  attaches  to  the  etiology  of  these  seemingly  pri- 
mary forms ;  and  happily  the  medical  progress  of  the  last  few  years, 
and  especially  the  bacteriological  researches  of  a  host  of  careful 
workers,  have  materially  widened  our  knowledge  in  this  field.  It 
is  only  a  short  time  since  a  large  proportion  of  all  pleurisies  were 
attributed  to  cold ;  at  present '  it  is  seriously  qiiestioned  by  many 
authorities  whether  there  is  such  a  thing  as  pleurisy  a /rf (/ore;  not 
that  the  influence  of  cold  is  wholly  denied — this  would  be  doing  vio- 
lence to  the  facts  of  daily  observation — but  it  is  now  quite  universally 
maintained,  and  with  probable  truth,  that  cold,  though  perhaps  the 
most  important  of  all  exciting  causes,  is  never  more  than  this.  This 
is  now  the  expressed  belief  of  Huguenin,  Landouzj',  Kelsch  and  Vail- 
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lard,  Netter,  von  Ziemsseu,  and  undoubtedly  also  the  majority  of 
other  observers. 

One  of  the  chief  reasons  for  this  recent  change  of  oijinion  is  the 
apparent  relation  between  many  cases  of  primary  pleurisy  and  tuber- 
culosis. The  very  great  im^Dortance  of  any  such  relation,  once 
established,  is  sufficient  to  warrant  an  extended  consideration  of  all 
the  evidence  in  hand.  Following  somewhat  closely  the  path  laid 
out  by  Netter  in  his  article  in  the  "Traite  de  Medecine,"  we  may 
marshal  our  facts  as  follows : 

1st.  Antecedents,  both  Family  and  Personal. — The  evidence  here  is 
little  more  than  suggestive.  Engster,  in  163  cases  of  primary  pleu- 
risy, obtained  a  personal  history  of  tuberculosis  in  only  21 ;  Netter 
found  antecedent  tuberculous  manifestations  in  11  out  of  50  cases 
thus  examined ;  of  58  cases  of  effusion  Osier  obtained  a  tuberculous 
family  history  in  21.     Of  themselves  these  facts  have  but  little  value. 

2d.  Tlie  Fidure  of  Plenritics. — If  it  can  be  shown  that  a  consider- 
able proportion  of  those  who  have  had  one  or  more  attacks  of  pri- 
mary serofibrinous  pleurisy  subsequently  develop  a  distinct  form  of 
tuberculosis,  the  evidence  thus  afforded  must  be  allowed  to  be  of 
incontestable  value.  It  must  also  be  granted,  as  is  so  strongly 
insisted  upon  b^'  Netter,  that  negative  statistics  have  but  little  worth 
as  against  even  a  small  amount  of  positive  evidence ;  there  are  so 
many  possible  sources  of  error  when,  for  example,  it  is  stated  that 
of  a  given  series  of  effusions  nearly  all  of  the  persons  have  continued 
in  perfect  health.  Following  are  some  of  the  more  careful  observa- 
tions as  to  the  subsequent  history  of  pleuritics :  Handford  reports 
5  cases  of  effusion  in  apparently  well  subjects,  3  of  whom  after- 
wards became  tuberculous.  Fiedler  had  112  cases,  of  which  25  sub- 
sequently died  of  tuberculosis,  and  QQ  others  became  tuberculous. 
Barrs  ascertained  in  1890  the  condition  of  57  cases  treated  at  the 
Infirmary  of  Leeds  from  1880  to  1885 ;  21  had  died  of  tuberculosis. 
V.  Y.  Bowditch  investigated  in  1889  the  subsequent  historj^  of  90 
patients  treated  for  effusion  by  the  elder  Bowditch  from  1849  to 
1879 ;  30  had  died  of  tuberculosis  and  1  at  least  of  those  still  living 
was  tuberculous.  Eicochon  was  able  to  follow  carefully  32  cases 
of  pleurisy  a  frigore  in  private  practice;  tuberculosis  developed 
sooner  or  later  in  all  but  2.  A.  Smith  saw  2  instances  of  tuberculo- 
sis in  4  cases  of  primary  effusion  observed  in  private  practice. 

Many  similar  series  of  ca&es  have  been  reported.  Those  se- 
lected, while  showing  a  far  greater  proportion  of  subsequent  tuber- 
culosis than  many  others,  are  at  the  same  time  the  most  trustworthy 
at  command.  Thej^  represent  esses  seen  in  both  hospital  and  private 
l^ractice.    Taken  together  they  give  a  total  of  310  cases  of  pleurisy 
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with  178  instances  of  subsequent  tuberculosis,  or  57  per  cent.  This 
is  probably  above  the  truth.  Sears,  who  collected  a  still  larger  num- 
ber of  reported  series,  found  an  average  of  only  39  per  cent.  At  all 
events  it  seems  safe  to  affirm  that  at  least  30  per  cent,  of  all  cases  of 
serofibrinous  effusion  will  eventually  succumb  to  some  tuberculous 
affection. 

3d.  3Iiovscopical  examinations  of  the  pleural  exudate,  as  well  as 
cultures,  have  proved  relatively  barren  of  results.  It  is  now  univer- 
sally admitted,  in  view  of  the  careful  investigations  of  Prudden,  E. 
Grawitz,  Ehrlich,  Ferdinand,  Levy,  and  others,  that  tubercle  bacilli 
are  not  found  in  the  very  great  majority  of  even  those  pleurisies  which 
occur  in  tuberculous  individuals.  For  example,  Ehrlich  found  the 
bacillus  in  only  2  of  9  j)hthisical  cases  examined,  and  Levy  obtained 
a  negative  result  in  all  of  13  similar  cases.  Lemoine  made  cultures 
from  38  cases  of  serofibrinous  pleurisy,  and  found  that  28  were  ster- 
ile ;  and  jet  15  of  these  sterile  cases  afterwards  furnished  foci  for 
tuberculous  invasion.  Since  other  bacteria  are  usually  found  in 
non-tuberculous  pleurisies  a  negative  result  is  even  regarded  by 
many  (Netter,  Vaillard)  as  strong  presumptive  evidence  of  tubercu- 
losis. 

4th.  Inoculation  of  animals,  usually  peritoneal  with  the  pleural 
exudate,  has  been  more  fruitful.  Pansini  made  inoculations  from  15 
cases ;  6  of  these  produced  tuberculosis,  w  hile  in  3  was  found  only 
the  pneumococcus  and  in  1  the  streptococcus. 

Netter  inoculated  from  three  series  of  effusions:  First  from  16 
cases  in  individuals  known  to  be  tuberculous ;  only  8  positive  results 
were  obtained ;  second,  from  25  cases  a  frigore ;  in  no  less  than  10 
or  40  per  cent.,  the  results  were  positive;  third,  in  14  cases  in  which 
the  pleurisy  was  satisfactorily  explained  on  other  grounds,  and  all 
were  negative.  Netter  therefore  believes  that  at  least  40  per  cent,  of 
all  primary  exudates  contain  the  tubercle  bacillus ;  and  the  fact  that 
even  the  first  series  gave  but  50  per  cent,  of  positive  results  would 
indicate  that  the  actual  proportion  is  much  higher. 

5th.  The  Effect  of  Tuberculin. — The  only  instance  of  this  test 
is  quoted  by  Netter  from  the  report  of  the  Prussian  Government :  15 
cases  of  pleurisy  were  injected,  with  both  lot3al  and  general  reaction 
in  13;  since  of  healthy  individuals  only  8.5  per  cent,  react,  this 
evidence,  though  meagre,  is  of  considerable  value. 

These  various  facts  and  sources  of  evidence  need  no  comment. 
They  demonstrate,  as  Netter  says,  that  in  serofibrinous  pleurisy 
tuberculosis  is  the  causative  factor  most  frequently  met  with.  A  con- 
servative estimate  would  be  35  per  cent.  As  to  whether  or  not  most 
of  these  pleurisies  are  really  tuberculous,  in  the  sense  that  the  se- 
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lous  membrane  is  the  seat  of  a  tuberculous  process,  is  not  yet  known. 
Kelsch  and  Vaillard  claim  to  have  invariably  discovered  tubercles  in 
all  such  pleurfie  examined.  Osier  emj)liasize8  the  frequency  with 
which  tubercles  are  overlooked,  but  found  them  himself  in  only  32 
per  cent,  of  101  cases  examined.  Much  study  will  be  requisite  before 
the  exact  anatomical  relation  between  xnimary  pleurisy  and  tubercu- 
losis is  definitely  determined. 

Other  causes  of  primary  pleuris}'^  may  be  classified  as  follows : 

a.  Rheimtatism,  j)erhaps  the  most  frequent  cause  after  tuberculosis, 
although  this  is  a  question  upon  which  opinions  differ.  Some  good 
authorities  hold  that  the  rare  coincidence  of  pleurisy  with  articular 
rheumatism  is  strongly  oi:>posed  to  this  supposition.  Fiedler,  while 
regarding  the  relation  of  the  two  as  intimate,  believes  the  port  of  en- 
try of  the  i)oison  to  be  ver}^  often  a  rheumatic  angina ;  Hueguenin 
thinks  pleurisy  is  often  the  sole  manifestation  of  rheumatism,  and  usu- 
ally bilateral ;  Netter  has  seen  it  of tenest  in  connection  with  articular 
rheumatism,  or  just  preceding  the  articular  attack.  In  general,  most 
authorities  recognize  a  rheumatic  form  of  serofibrinous  pleurisy, 
although  the  exact  materia  peccans  is  not  yet  known. 

h.  The  Pneumococcus. — Most  of  the  so-called  metapneumonic 
effusions  are  purulent;  according  to  Netter's  own  experience,  18  out 
of  22.  Still  the  serofibrinous  form  is  not  so  very  infrequent,  both 
with  and  following  croupous  and  catarrhal  pneumonia.  The  exudate 
may  be  sterile;  but  in  a  very  considerable  number  Fraenkel's  dip- 
lococcus  has  been  found,  often  in  pure  culture.  For  example,  in  6 
metapneumonic  cases  examined,  Prudden  found  the  pneumococcus 
in  2.  E.  Levy  examined  10  cases  accompanying  pneumonia  and  in- 
fluenza ;  he  found  the  pneumococcus  in  6,  staphylococcus  pyogenes 
in  1,  streptococcus  in  1,  and  in  2  the  results  were  negative.  We  have 
mentioned  Pansini's  series  of  inoculations  from  15  serofibrinous  cases ; 
3  of  these  were  pneumococcal. 

It  seems,  therefore,  highly  probable  that  the  majority  of  effusions 
accompanying  pneumonia  are  due  to  Fraenkel's  diplococcus.  But 
this  same  germ  has  in  several  instances  been  found  in  effusions 
which  were  apparently  primary  and  quite  independent  of  any  pulmon- 
ary affection.  Hueguenin  recognizes  such  a  form,  and  thinks  that 
the  pneumococcus  may  make  its  way  from  the  buccal  cavity  to  the 
pleura  without  invohdng  the  lung. 

c.  Sypliilis. — According  to  Pretorius  this  cause  is  by  no 
means  imcommon;  he  states  that  pleurisy  may  either  be  an 
early  tertiary  lesion,  or  attend  the  roseola  of  the  secondary-  stage 
as  described  by  Chantemesse  and  Vidal.  Talamon  also  recognizes 
both  a  secondary  and  a  tertiary  form.     Eochon  admits  a.  primary 
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pleurisy  which  appears  with  the  eruption,  but  regards  the  so- 
called  tertiary  form  as  merely  secondary  to  other  contiguous 
tertiary  lesions. 

d.  The  Acute  Infectious  Diseases. — The  Eberth  bacillus  of  ty- 
phoid has  been  found  in  pleural  effusions  by  a  number  of  different 
observers.  Charrin  and  Roger  report  a  sero-hemorrhagic  effusion 
in  which  this  bacillus  was  found  in  pure  culture ;  the  patient  had  rose 
spots  and  the  general  symptoms  of  typhoid,  but  the  autopsy  showed 
no  intestinal  lesions.  Sahli  and  Fernet  also  report  cases  containing 
pure  cultures  of  the  typhoid  bacillus;  in  the  latter 's  there  was  com- 
plete recovery  after  the  removal  of  the  fluid. 

Other  infections,  such  as  pyaemia  and  scarlet  fever,  are  more 
often  followed  by  empyema  than  by  the  serous  form,  and  such 
empyemas  usually  contain  the  regular  pyogenic  cocci;  still  sero- 
fibrinous j)leurisies  do  occur  in  this  class  of  diseases,  and  it  is  jjre- 
sumable  that  their  cause  is  the  same.  Both  the  streptococcus  and 
staphylococcus  pyogenes  have  been  found  by  Grawitz,  Ferdinand, 
Levy,  and  others  in  simple  serous  exudates ;  such  are  apt  to  become 
eventually  purulent,  but  not  necessarily  so.  Goldschneider,  for  ex- 
ample, observed  three  cases  containing  the  streptococcus,  none  of 
which  afterwards  suppurated. 

e.  Cardiac  and  renal  disorders  are  not  infrequently  complicated 
by  serofibrinous  pleuris^^,  particularly  in  the  aged.  In  cardiac  cases 
the  pleurisy  is  probably  dependent,  as  a  rule,  upon  pulmonary 
infarction.  Levy  found  the  staphylococcus  aureus  in  all  of  four 
cases  having  this  origin.  Pleurisies  in  connection  with  Bright' s  dis- 
ease have  been  attributed  both  to  irritating  substances  in  the  blood 
and  to  microbes.  Fraentzel's  idea  is  that  the  pleura  is  simply  ren- 
dered more  vulnerable  by  the  general  cachexia. 

Such  are  some  of  the  factors  which  may  be  at  work  in  cases  of 
apparently  idiopathic  serofibrinous  pleurisy.  Other  cases,  fewer  in 
number,  are  manifestly  secondary  to  contiguous  processes.  Most 
prominent  among  these  is  trauma — either  a  simple  contusion,  or  a 
fracture  of  a  rib,  or  a  penetrating  wound.  Also  parietal  affections, 
such  as  abscesses  and  tumors  of  the  breast  or  axillarj^  glands,  erysip- 
elas, and  caries  of  the  ribs  or  vertebrse.  Effusion  may  furthermore 
be  secondary  to  pericarditis,  to  malignant  disease  of  the  oesophagus 
or  mediastinum,  and  to  wounds  of  the  oesophagus,  as  in  the  case  of  a 
penetrating  fish  bone  reported  by  Laache.  Abdominal  affections 
may  give  rise  to  effusions,  such  as  peritonitis,  abscess  and  espe- 
cially hydatids  of  the  liver,  appendicitis,  and  ovarian  cysts,  among 
fifty  of  which  Demons  found  a  serofibrinous  pleurisy  in  no  less  than 
nine.     Finally,  an  effusion  is  an  almost  invariable  accompaniment  of 
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pneumothorax  and  new  growths  of  the   pleura,  as  will   be   further 
considered  in  treating  of  these  affections. 

Pleurisy  with  effusion  is  a  disease  of  all  ages;  it  is  not  infre- 
quently met  with  at  both  extremes  of  life,  and  in  children  particu- 
larly it  has  come  to  be  recognized  as  of  common  occurrence.  Ac- 
cording to  Netter,  and  to  Eugster,  whose  estimate  is  based  upon  a 
series  of  one  hundred  and  fortj^-seven  cases,  the  disease  is  most 
frequent  in  January  and  April,  least  so  in  September  and  October. 
Engster  also  found  that  it  was  about  four  times  more  common  in 
men  than  in  women,  and  Moutard-Martin  reached  nearly  the  same 
conclusion. 

Pathological  Anatomy. 

At  the  outset  of  a ,  serofibrinous  pleurisy  the  pathological 
changes  do  not  differ  in  any  way  from  those  of  the  fibrinous  form 
already  described.  There  are  the  same  superficial  capillary  conges- 
tion, the  same  activity  and  multiplication  of  the  connective-tissue 
cells  just  beneath  the  endothelial  layer,  and  the  same  exudation  of 
fibrin  upon  the  free  surface.  Here  also,  in  consequence  of  active 
proliferation  of  the  connective-tissue  cells,  which  push  up  through 
the  endothelial  covering  into  the  coating  of  free  lymph,  there  is  a 
development  upon  the  pleural  surface  of  a  layer  of  embryonic  tissue 
containing  newly  formed  blood-vessels  and  susceptible  of  such  further 
transformation  as  has  been  already  described  under  dry  pleurisy.  At 
a  later  stage  we  have  to  deal  with  a  fibrinous  pleurisy  plus  a  consid- 
erable quantity  of  serous  exudate,  and  with  the  subsequent  changes 
which  such  a  collection  of  fluid  involves. 

In  the  first  place,  the  pleural  walls  attract  attention.  They  are 
seen  to  be  covered  with  a  false  membrane  which  may  be  either 
universal  or  deposited  here  and  there  in  patches.  The  membrane  is 
composed  of  coagulated  fibrin  containing  in  its  .meshes  a  few  white 
and  red  blood  corpuscles  and  epithelial  cells.  Much  of  »this  fibrin 
has  its  origin  in  the  serous  exudate  which,  as  we  shall  presently  see, 
contains  it  in  considerable  abundance  when  first  produced ;  within  a 
few  hours  coagulation  takes  place,  and  the  separated  fibrin  is 
deposited  uj^on  the  pleural  surface.  The  membrane  is  of  a  white, 
whitish-yellow,  or  in  older  cases  of  a  more  brownish  or  grayish 
color.  Its  thickness  varies  greatly  in  different  localities,  in  some 
places  amounting  to  half  an  inch  or  even  more.  Its  surface  is 
usually  rough  and  uneven;  it  is  often  villous  and  shaggy,  and  long 
filaments  of  fibrin  may  float  out  from  it  into  the  fluid  or  connect  it 
with  the  opposite  wall.  At  first  the  membrane  is  soft,  and  of  more 
or  less  brittle  consistence,  like  the- boiled  white  of  an  egg;  in  older 


16  WHITNEY — DISEASES   OF  THE   PLEURA. 

cases  it  may  become  quite  tougli  and  elastic.  When  it  is  removed, 
tlie  underlying  pleural  surface  is  found  to  present  the  reddish  and 
granular  layer  of  embryonic  tissue  which  we  have  seen  to  be  the 
common  result  of  pleural  inflammation. 

The  fluid  exudate  is  found  in  exceedingly  variable  quantity, 
oftenest  perhaps  amounting  to  one  to  two  pints,  sometimes  to  a  gal- 
lon or  even  more  in  a  single  pleural  cavity.  Its  color  in  a  fresh 
effusion  is  usually  pale  greenish-yellow  or  amber  like  that  of  urine ; 
in  an  older  one  it  is  likely  to  have  become  much  darker,  a  deeper  or 
more  brownish  shade  of  yellow ;  in  still  other  cases  the  color  may 
vary  from  light  red  to  almost  black  from  the  presence  of  more  or  less 
fresh  or  decomposed  blood.  The  fluid  is  nearly  always  of  limpid 
consistency.  It  is  usually  also  clear  and  transparent,  in  its  upper 
layers  at  least,  although  it  may  be  varyingly  clouded  by  the  presence 
of  leucocytes  or  of  small  particles  of  fibrin  or  fat.  The  coagulated 
fibrin  which  separates  from  the  exudate  soon  after  its  production  is 
deposited  not  only  upon  the  walls,  and  upon  the  bands  and  adhesions 
which  may  unite  the  costal  and  pulmonary  pleurae,  but  also,  espe- 
cially when  the  exudate  is  particularly  rich  in  fibrin,  as  free  masses 
which  swim  in  the  liquid  itself.  These  may  be  either  in  the  form  of 
large  clumps  and  clots  which  sink  to  the  bottom  of  the  cavity,  or  of 
finer  particles  which  float  about  when  the  fluid  is  disturbed,  and 
give  it  an  appearance  of  opacity.  When  leucocytes  are  present  in 
sufiicient  quantity  to  produce  the  same  effect,  we  reach  the  border 
line  of  empyema,  between  which  and  serofibrinous  effusion  there  is 
no  sharp  anatomical  distinction. 

Other  formed  constituents  of  the  fluid  are:  Ked  blood  discs, 
present  according  to  some  in  all  effusions,  though  a  recent  study  of 
forty-eight  cases  by  Grawitz  showed  blood  in  only  ten,  eight  of  which 
were  in  tuberculous  individuals ;  a  few  epithelial  cells,  often  in  a  state 
of  fatty  degeneration ;  free  fat,  encountered  occasionally  in  old  effu- 
sions and  sometimes  in  sufiicient  quantity  to  impart  a  decidedly  milky 
appearance  to  the  fluid  (see  Chylous  Pleurisy);  Charcot's  crystals, 
a  very  rare  constituent;  and,  finally,  the  various  micro-organisms 
which  have  been  already  mentioned  in  the  section  on  etiology. 

Other  physical  and  chemical  characteristics  of  the  i^leuritic  exudate 
have  been  studied  by  Frerichs,  Winterich,  Nauuyn,  Ewald,  and  espe- 
cially by  Mehu.  It  is  generally  conceded  that  its  chemical  constitu- 
tion is  almost  identical  with  that  of  blood  serum,  except  that  there 
is  a  larger  proportion  of  water.  Its  specific  gravity  may  vary  from 
1.005  to  1.030,  but  is  usually  from  1.012  to  1.022.  According  to 
Mehu's  analysis,  the  usual  quantity  of  organic  constituents  is  from 
five  to  six  per  cent. ;  among  these  are  urea  and  uric  acid  (Naunyn), 
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biliverclin  in  certain  cases,  sometimes  glycogen  according  to  Eicli- 
horst,  fat  and  cliolesterin,  and  especially  fibrin  and  albumin.  The 
usual  proportion  of  fibrin  is  about  0.1  per  cent.,  and  it  is  believed  by 
both  Mehu  and  Laboulbeue  that  those  cases  in  which  the  effusions 
are  richest  in  fibrin  admit  of  the  most  favorable  prognosis. 

The  2)ositio)i  occupied  hy  the  fluid,  and  its  exact  contour — ques- 
tions of  vital  imporiauce  as  regards  diagnosis  and  treatment — must, 
of  course,  vary  exceedingly  according  to  its  quantity,  the  pre^ious 
condition  of  the  affected  pleura  and  lung,  and  other  factors  which 
^vill  be  presently  considered.  If  old  adhesions  have  been  left  behind 
by  previous  pleurisies  the  position  and  shape  of  the  fluid  body  will 
naturalh'  be  materially  modified;  thus  are  produced  the  various 
forms  of  encapsulated  effusion,  as,  for  example,  the  diaphragmatic, 
interlobar,  and  mediastinal,  and  the  costopulmonary,  varieties  which 
are  oftenest  purulent,  and  will  be  again  referred  to.  Sometimes  the 
fluid  collects  in  several  communicating  apartments  formed  by  adhe- 
sions between  the  pulmonary  and  costal  pleurae — the  so-called  multi- 
locular  effusion ;  or,  again,  it  may  be  exuded  into  the  meshes  of  a 
false  membrane — a  form  which  has  been  termed  areolar.  And  so, 
from  these  various  causes,  an  effusion  may  be  found  in  exceptional 
cases  at  any  part  of  the  pleural  cavity,  at  the  base  or  apex,  in  front 
or  behind ;  and  owing  to  the  resulting  atypical  displacements  of  lung 
and  other  organs,  a  confusing  and  often  misleading  clinical  complex 
may  be  produced.  In  the  great  majority  of  cases,  however,  an 
effusion  is  unhampered  by  preexisting  pathological  conditions  of 
any  great  moment;  and  it  seems  to  me,  therefore,  of  considerable 
interest  and  value  to  consider  at  some  length  the  various  factors 
which  govern  what  may  be  called  the  typical  shape  of  a  pleuritic 
effusion. 

These  factors  are :  1.  The  force  of  gravity ;  2.  The  normal  cohe- 
sion between  the  opposite  pleural  surfaces;  3.  The  position  of  the 
patient  while  the  exudation  takes  place;  4.  The  normal  tension  of 
the  lung,  and,  to  a  less  extent,  of  the  mediastinum,  diaphragm,  and 
chest  wall. 

1.  Gravity. — In  spite  of  Garland's  experiments,  which  seemed  to 
show  that  the  fluid  always  gathers  first  in  the  lower  and  inner  por- 
tion of  the  pleural  ca\ity,  it  is  hard  to  believe  that  gravity  is  not 
the  prime  factor  in  determining  its  position.  Garland's  observations 
have  never  been  confirmed,  those  of  Ferber  gave  opposite  results, 
and  a  more  recent  experiment  of  Dwight  was  likewise  adverse ;  he 
injected  the  pleural  cavity  of  a  child  lying  with  head  and  shoulders 
low,  and  found  by  a  series  of  frozen  sections  that  the  fluid  had 
collected  in  the  upper  portions  of  the  thorax.  Clinically  there  is 
Vol.  VII.— 3 
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but  little  opportunity  for  comparative  observation.  During  the 
formation  of  a  pleuritic  effusion  the  thorax  is  usually  upright,  never 
below  the  horizontal,  and,  as  a  matter  of  fact,  the  fluid  is  invariably 
found  in  its  lower  half. 

It  may  at  least  be  stated  as  extremely  doubtful  if  under  normal 
conditions  there  are  any  forces  at  work  which  are  capable  of  over- 
coming that  of  gravity;  and  that  gravity  determines  the  position, 
though  not  necessarily  the  contour,  of  the  effused  serum. 

2.  Cohesion. — That  a  certain  degree  of  cohesion  exists  normally 
between  the  costal  and  pulmonary  pleurae  can  hardly  admit  of  doubt, 
although  the  results  of  experiments  are  conflicting.  West  assures 
us  that  pneumothorax  does  not  invariably  follow  an  experimental 
opening  of  the  pleura ;  this  certainly  accords  with  the  clinical  observa- 
tion of  external  wounds.  Northrup,  on  the  contrary,  found  that  the 
lung  always  collapsed  the  instant  the  costal  pleura  was  so  much  as 
pricked.  Even  if  this  be  true,  it  would  merely  show  that  there  is 
no  force  of  cohesion  sufficient  to  resist  the  retractile  power  of  the 
lung;  it  still  remains  more  than  probable  that  some  cohesion  does 
exist  between  the  opposite  pleurae.  But  admitting  such  a  factor,  its 
influence  upon  the  position  of  a  pleural  effusion  is  difficult  to  prove, 
and  is  assuredly  of  subordinate  interest.  It  very  likely  prevents  the 
fluid  from  rising  as  high  at  the  periphery  as  it  would  otherwise  do; 
and  it  undoubtedly  has  much  to  do  with  the  comparative  immobility 
of  pleuritic  effusions  on  change  of  posture. 

3.  Pos^uj^e.— Granting  that  the  weight  of  the  fluid  is  mainly  re- 
sponsible for  its  position  in  the  lower  rather  than  the  upper  region  of 
the  chest,  of  how  much  importance  are  minor  variations  in  the  pos- 
ture of  the  patient  during  its  formation?  It  is  my  belief  that  this  in- 
fluence is  at  most  very  small.  The  remarkable  constancy  of  incipient 
effusion  at  the  inner  and  posterior  aspect  of  the  chest,  as  shown  by 
clinical  observation,  would  seem  to  indicate  that  here  other  forces 
are  at  work  which  gravity  is  powerless  to  overcome.  For  example,  I 
have  never  seen  an  effusion  begin  in  the  lower  axilla;  and  I  have 
observed  but  little  difference  in  the  height  of  the  effusion,  whether 
the  patient  had  been  constantly  on  his  back  or  up  and  about  during 
its  formative  stage. 

4.  Pulmonary. — Without  doubt  the  most  important  of  the 
various  factors  which  determine  the  shape  of  the  fluid  body,  and 
more  especially  of  its  upper  surface,  in  which  the  clinician  is  chiefly 
interested,  is  the  normal  elasticity  of  the  lung.  At  the  risk  of  say- 
ing much  that  is  elementary  and  universally  understood,  it  seems 
not  out  of  place  briefly  to  consider  here  what  must  happen  to  the 
lung  when  the  pleural  cavity  is  invaded  by  a  bod}^  of  fluid. 
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Normally  the  lung  is  everywhere  held  iu  close  apposition  to  the 
mediastinum,  diaphragm,  and  thoracic  wall  by  atmospheric  jjressure 
exeiied  upon  the  inner  surface,  so  to  sj^eak,  of  the  lung,  the  lower 
surface  of  the  diai)hragm,  and  the  outer  surface  of  the  chest.  All  of 
these  pai-ts,  being  more  or  less  elastic,  are  therefore  normally  in  a 
state  of  constant  tension,  and  the  tension  of  each  must  be  precisely 
equal  to  that  of  the  others  in  order  to  maintain  the  equilib- 
rium. Suppose,  for  examjile,  the  normal  tension  of  the  lung  sud- 
denly increased;  the  lung  would  immediately  retract,  and  the  dia- 
l^hragm  would  be  obliged  to  follow  until  with  increased  ti-action  its 
own  tension  had  attained  that  of  the  lung  and  the  two  parts  were 
again  in  equilibrium.  It  is  evident  that  in  order  to  appreciate  cor- 
rectly the  dynamic  conditions  which  prevail  in  the  chest  we  must 
speak  of  the  reti-actile  power,  not  only  of  the  lung,  but  also  of  the 
diax>hragm  and  chest  wall;  the  mediastinum,  being  under  equal  nega- 
tive pressure  on  both  sides,  is  not  normally  in  a  state  of  tension. 

It  results  from  these  considerations  that  the  pressure  within  the 
pleural  cavity  itself  is  constantly  negative ;  that  is  to  say,  the  tension 
of  the  surrounding  parts  exerts  a  constant  force  of  traction  so  that 
if  the  cavity  be  connected  with  the  external  atmosphere  either 
directly  or  through  a  column  of  water,  this  force  will  operate  to 
draw  into  it  a  cei-tain  quantity  of  air  or  water,  as  the  case  may  be ; 
and  this  suction  vnll  continue  until  the  tension  of  the  parts  is 
exhausted,  and  the  intrapleural  pressure  is  no  longer  negative. 

This  accords  hilly  with  the  result  of  experiment,  as,  for  example, 
that  of  Garland,  in  which  fluid  was  thus  drawn  into  the  pleural 
cavity  of  a  dog ;  also  \dili  the  clinical  observation  that  after  puncture 
even  a  considerable  quantity  of  fluid  will  sometimes  refuse  to  leave 
the  chest  Avithout  aspiration. 

We  may  then  affirm  that  the  presence  of  even  a  minimum  quantity 
of  fluid  in  the  pleural  cavity — whether  it  has  been  di'awn  in  through  an 
artificial  opening,  as  in  the  experiments  of  Garland,  or  is  an  exudation 
from  the  pleural  capillaries — necessitates  a  relaxation  in  the  tension 
not  only  of  the  lung,  but  also  of  the  diaphragm  and  chest  wall.  The 
lung  reti-acts  more  than  the  others  only  because  of  its  greater  elas- 
ticity. The  mediastinum,  too,  cannot  remain  unaffected.  Normally 
under  the  equal  negative  pressure  of  both  pleural  cavities,  it  is  now 
subjected  to  an  increased  relative  pressure  upon  the  side  containing 
fluid,  and  must  move  slightly  in  the  opposite  direction.  This  fact 
is  of  vital  importance  as  explaining  the  early  displacement  of  the 
heart  which  may  often  occur  in  pleuritic  effusion.  Certain  authors 
(Powell,  Garland)  have  laid  great  stress  upon  the  assertion  that 
the  heai-t  is  not  pushed  towards  the  well  side  bj-  the  accumulating 
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fluid,  but  drawn  over  by  the  opposite  lung.  The  point  does  not 
appear  to  be  well  taken.  The  mechanism  of  the  displacement  is 
clear;  and  since  it  is  quite  erident  that  the  increased  unilateral 
pressure  would  compel  a  movement  of  the  mediastinum  indepen- 
dently of  the  well  lung,  it  can  hardly  be  said  to  be  drawn  over  by 
the  latter. 

We  have  seen  that  by  virtue  of  its  retractile  power  the  lung 
voluntarily  recedes  before  the  accumulating  fluid  until  its  tension  is 
exhausted  and  actual  compression  begins.  What  shape  does  the  lung 
assume  during  this  retraction,  and  what  is  the  relation  between  it 
and  the  column  of  water?  Does  the  latter  simply  take  a  hydrostatic 
level,  and  the  lung  accommodate  itself  to  the  fluid ;  or  must  the  lung 
retract  in  a  certain  definite  and  constant  way,  thus  compelling  the 
fluid  simply  to  appropriate  the  space  left  vacant?  It  would  seem 
not  only  theoretically,  but  also  from  experience  and  clinical  observa- 
tion that  the  latter  of  these  suppositions  can  alone  be  true.  Theo- 
retically it  is  quite  inconceivable  that  the  lung,  as  a  highly  elastic 
and  greatly  distended  body,  should  not  retract  with  more  or  less 
uniformity  towards  its  centre ;  a  conception  of  the  upper  level  of  fluid 
as  horizontal  would  involve  an  extreme  retraction  of  the  lung  along 
certain  radii,  and  perhaps  none  at  all  along  others. 

An  experiment,  suggested  by  Garland,  may  be  made  by  a  very 
simple  apparatus  to  illustrate  partially  the  necessary  behavior  of  the 
lung.  All  that  is  needed  is  a  six-ounce  bottle,  with  a  wide  opening 
and  a  well-fitting  cork,  and  a  toy  balloon  whistle.  The  stem  of  the 
balloon  is  fitted  tightly  to  a  hole  in  the  cork ;  the  balloon  is  then 
inserted  into  the  bottle  partly  filled  with  water,  and  is  inflated  until  all 
air  is  expelled  from  the  bottle ;  this  is  then  quickly  and  tightly  corked. 
We  now  have  a  highly  elastic  body,  like  the  lung,  kept  in  a  state  of 
tension  by  negative  pressure,  communicating  freely  by  its  interior 
with  the  external  atmosphere,  and  separated  below  from  its  contain- 
ing wall  by  a  column  of  fluid.  Two  things  may  now  be  observed. 
In  the  first  place,  the  fluid  does  not  materially  alter  its  position  or 
shape  in  whatever  position  the  bottle  may  be  placed ;  and  secondly, 
the  upper  surface  of  the  fluid  is  not  level;  the  balloon  still  maintains 
a  marked  curve  the  convexitv  of  which  projects  downwards  into  the 
fluid. 

Again,  the  numerous  experiments  of  Garland  upon  animals,  con- 
sisting in  the  injection  into  the  pleural  cavity  of  various  quantities 
of  plaster  of  Paris  and  other  hardening  substances,  all  showed  a 
certain  uniformity  in  the  moulds  thus  obtained.  In  none  was  the 
upper  surface  horizontal ;  in  all  the  depth  of  the  column  of  fluid  was 
least  at  the  spine  and  greatest  in  the  region  of  the  axilla.  Finally, 
as  will  hereafter  be  more  fully  described  under  physical  signs,  it 
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has  been  the  cliuical  experience  of  nearly  all  observers  that  the 
upper  line  of  effusion  flatness  is  never  horizontal,  but  corresponds 
very  closely,  in  many  cases,  to  the  casts  obtained  by  Garland. 

It  may  therefore  be  confidently^  affirmed  that  within  certain 
limits  the  lung  is  obliged  to  retract  along  definite  lines,  and  to 
assume  a  more  or  less  definite  and  uniform  shape  according  to  the 
amount  of  retraction.  This  shape  is  but  little  influenced  by  the 
^^'eight  of  the  fluid ;  the  latter  simply  occujjies  the  space  left  vacant 
by  the  retracting  lung.  In  short,  the  fluid  adapts  itseK  to  the  lung, 
and  not  the  lung  to  the  fluid. 

It  is,  of  course,  true  that  as  the  volume  of  fluid  increases,  its 
weight  becomes  a  factor  of  constantly  increasing  importance  as 
regards  the  displacement  of  organs;  it  plays  a  large  part  in  the 
extreme  displacement  of  the  mediastinum,  and  particularly  that  of 
the  diaphragm,  which  is  found  in  large  effusions. 

The  2^tti^ioIogical  conditition  of  the  lung  in  serofibrinous  pleurisy 
varies,  as  we  have  seen,  according  to  the  quantity  of  fluid,  and  the 
presence  of  antecedent  disease  or  compKcations.  Retracting,  as  it 
does,  in  typical  cases  towards  its  hilus,  it  is  found  in  large  effusions 
pressed  upwards  and  backwards  against  the  spine  as  a  dark-red  or 
grayish  solid  fleshy  mass,  perhaps  hardly  larger  than  the  two  fists. 
In  fresh  cases  it  may  be  simply  atelectatic,  and  readily  susceptible 
of  reinflation;  later  it  often  becomes  the  seat  of  fibroid  processes 
of  pleurogenic  origin,  although  in  general  it  is  remarkable  how  long 
a  period  may  elapse  before  the  lung  completely  loses  its  capacity 
of  re-expansion.  In  some  cases  the  lung  contains  but  little  blood,  in 
others  it  is  hyperaemic.  Aside  from  various  antecedent  acute  or 
chronic  pathological  conditions,  it  may  rarely  show  disseminated 
spots  of  fresh  pneumonic  infiltration,  as  in  the  case  reported  by 
Serafini,  in  which  both  these  pneumonic  areas  and  the  fluid  con- 
tained the  diplococcus  of  Fraenkel. 

The  heart  and  other  organs  are  found  variously  displaced.  We 
have  seen  that  such  displacement  usually  begins  with  the  first 
appearance  of  fluid  in  the  pleui-al  cavity,  but  it  is  only  when  the 
latter  has  reached  a  considerable  amount  that  the  various  disloca- 
tions become  apparent;  and  not  until  positive  pressure  begins  and 
two  quarts  or  more  of  fluid  have  accumulated,  do  we  find  those 
extreme  instances  presently  to  be  described.  The  mediastinum  is, 
of  course,  pushed  towards  the  opposite  side.  The  heart  follows, 
together  with  the  great  vessels,  and  this  displacement  is  sometimes 
sufficient  to  produce  a  marked  angle  in  the  vena  cava  when  it  leaves 
the  diaphragm,  possibly  also  more  or  less  obstruction.  In  the  great 
majority  of  cases  the  heart  is  simply  crowded  over  en  masse,  the 
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relative  position  of  apex  and  base  remaining  unchanged.  Whether, 
as  taught  bj  Trousseau,  it  is  even  actually  twisted  upon  its  axis,  so 
that  the  apex  is  found  in  the  region  of  the  right  nipple,  seems  to  be 
extremely  doubtful.  Osier  and  other  observers  of  large  experience 
have  never  seen  it,  and  it  is  certainly  contrary  to  all  clinical  evidence. 

Depression  of  the  diaphragm  does  not  reach  an  extreme  degree 
until  the  quantity  of  fluid  is  very  large.  It  may  then  entirely  lose 
its  arch,  or  its  convexity  may  even  look  towards  the  abdomen.  There 
is  then  a  corresponding  depression  of  the  liver  or  spleen ;  the  former 
is  somewhat  tilted  laterall}'^,  not  so  much,  however,  but  that  the  left 
lobe  is  likewise  below  its  normal  position.  In  a  large  effusion  the 
diaphriagm  of  the  unaffected  side  is  also  somewhat  depressed;  the 
displacement  of  the  mediastinum  permits  a  relaxation  of  the  parts 
composing  the  sound  pleural  cavity  in  which  the  diaphragm  partici- 
pates. 

It  remains  to  consider  the  possible  anatomical  results  of  sero- 
fibrinous pleurisy.  Usually  there  is  complete  absorption  of  the  fluid 
and  false  membranes  with  only  moderate  thickening  of  the  pleura 
and  abundant  adhesions.  Exceptionally,  the  formation  of  new 
membrane  is  so  extensive,  and  the  pleural  thickening  is  so  great,  that 
absorption  of  the  fluid  exudate  becomes  in  time  impossible  and  it 
remains  unchanged  for  years ;  or  the  fluid  itself  may  disappear,  but 
fibrinous  clumps  and  masses  at  the  bottom  of  the  cavity  may  remain 
and  subsequently  undergo  cheesy  or,  more  rarely,  calcareous  degenera- 
tion; these  so-called  pleuroliths  have  been  encountered  as  large  as 
an  orange.  In  other  cases,  usually  tuberculous,  the  pleura  undergoes 
a  slow  and  steady  process  of  proliferation — a  process  which  may  also 
follow  dry  pleurisy,  but  which  is  here  much  more  frequent.  Sooner 
or  later  this  fibroid  process  invades  the  lung  along  the  lymphatics 
of  the  interlobular  septa ;  both  lung  and  pleura  subsequently  contract 
and  there  is  resulting  deformity  of  the  chest,  with  all  the  other  condi- 
tions hereafter  to  be  described  under  "pleural  adhesions." 

Symptoms. 

Acute  serofibrinous  pleurisy  differs  but  little  in  its  early  symptoms 
from  many  cases  of  the  simple  dry  form,  and  there  is  no  criterion  by 
which  a  subsequent  effusion  can  be  predicted. 

In  a  healthy,  robust  individual  acute  serofibrinous  pleurisy  is 
of  rather  violent  onset.  Its  chief  symptoms  are  pain  in  the  chest, 
cough,  dyspnoea,  and  a  very  considerable  degree  of  constitutional 
disturbance.  An  initial  rigor  is  rare ;  slight  chilly  sensations,  which 
may  persist  for  several  days,  are  not  infrequent. 
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Pain  is  iisuallj^  sharp  and  laucinating  from  the  very  first;  it  may, 
however,  begin  as  a  simple  feeling  of  soreness  which  later  becomes 
more  acute  and  localized.  In  some  instances  it  is  so  severe  as  to 
cause  threatening  signs  of  collapse.  The  pain  is  felt  oftenest  just 
outside  the  nipple  in  the  fifth  or  sixth  intersi)ace;  exceptionally 
it  may  be  located  beneath  the  sternum,  under  the  clavicle,  in 
the  supra-  or  infraspinous  fossa,  or  in  the  abdomen.  Its  source  was 
originally  supposed  to  be  the  rubbing  of  the  two  pleural  surfaces 
against  each  other ;  but  the  frequent  occurrence  of  friction  without 
pain,  and  in  a  different  locality,  contradicts  this  view;  and  many 
facts,  as  for  example,  the  existence  in  pleurisy  of  j^oints  doulou- 
reux, seem  to  show  that  much  of  the  pain  at  least  is  due  to 
an  involvement  of  the  intercostal  nerves ;  hence,  possibly,  its  exist- 
ence in  the  exceptional  locations  above  noted.  The  pain  is  some- 
times excited  and  always  increased  by  pressure  or  by  any  movement 
which  disturbs  the  parts,  particularly  deep  inspiration  and  cough. 
Its  duration  is  extremely  variable ;  it  often  ceases,  or  at  least  be- 
comes much  less  severe,  by  the  end  of  two  or  three  days,  and  only  in. 
the  rarest  instances  does  it  survive  the  appearance  of  effusion.  This 
fact  has  always  been  attributed  to  the  presence  of  fluid  between  the 
inflamed  pleural  surfaces ;  Garland  believes  that  it  is  a  result  of  the 
diminished  respiratory  movement  which  the  effusion  entails. 

Dyspnoea  is  a  very  constant  symptom  of  pleurisy,  but  its  degree 
varies  extremely  in  different  cases.  Due  at  first  partly  to  the  pain 
caused  by  full  inspirations  and  partly  to  the  fever,  its  severity  will 
be  directly  proportionate  to  that  of  these  signs.  Soon,  however,  an- 
other element  is  added,  that  of  pulmonary  retraction  before  the  grow- 
ing effusion,  and  consequent  diminution  of  aerating  surface;  and 
later  also  interference  with  the  circulation  from  actual  pressure  upon 
the  heart  and  great  vessels.  It  is  quite  common,  therefore,  as  the 
effusion  progresses,  to  meet  with  a  high  degree  of  orthopnoea  and 
cyanosis;  the  recumbent  posture  becomes  impossible,  and  the  ac- 
cessory muscles  of  respiration  are  all  brought  into  play.  But  the 
degree  of  dyspnoea  is  often  strikingly  out  of  proportion  to  the  amount 
of  fluid ;  in  a  very  large  effusion  it  may  be  slight  even  when  fever  is 
high,  while  in  a  small  effusion  it  may  even  amount  to  orthopnoea. 
These  differences  depend  both  upon  the  previous  state  of  the  lung  and 
upon  the  general  nutrition ;  a  diseased  lung  may  be  made  but  little 
worse  by  retraction  or  even  compression,  and  the  susceptibility  of 
the  respiratory  centre  to  diminished  oxygenation  is  largelj^  dependent 
on  whether  the  individual  is  robust  or  has  been  for  a  long  time  weak 
and  cachectic.  Thus  in  the  very  young  or  old,  and  in  victims  of 
chronic  Bright's  disease  and  the  like,  but  little  dyspnoea  may  be 
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provoked  by  the  largest  effusion.  Again,  an  effusion  which  is  rap- 
idly produced  is  more  apt  to  cause  extreme  dyspnoea  than  when  the 
exudation  is  one  which  is  slowly  formed ;  in  the  latter  an  opportunity 
is  given  for  more  effectual  adaptation  to  the  new  conditions.  In 
general  the  duration  of  the  dyspnoea  is  coincident  with  that  of  the 
effusion. 

Cough  is  usually  troublesome  from  the  outset.  It  is  short,  dry, 
painful,  and  ineffectual,  expectoration  being  very  slight  or  absent. 
At  first  due  to  pleural  irritation  or  a  slight  bronchitis  (Nothnagel),  it 
afterwards  changes  its  character,  becomes  more  paroxysmal,  and  is 
often  induced  by  changes  of  posture,  as  from  the  recumbent  to  the 
sitting ;  this  is  attributed  by  Peter  to  an  irritation  of  the  ends  of  the 
vagus  caused  by  displacement  of  fluid,  an  explanation  which  is  not, 
however,  accepted  by  Nothnagel  or  Fraentzel.  During  absorption  of 
the  exudate  cough  may  perhaps  result  from  reexpansion  of  the  lung, 
as  is  so  often  seen  during  aspiration. 

The  posture  of  the  patient  during  the  initial  stage  is  the  same  as 
in  dry  pleurisy ;  if  there  is  no  orthopnoea,  he  either  lies  on  the  well 
side  to  avoid  pressure,  or  in  a  semirotated  position  towards  the 
affected  side.  As  soon  as  any  considerable  effusion  has  developed, 
the  posture  changes ;  the  patient  now  lies  upon  the  affected  side  in 
order  to  give  freer  play  to  the  well  lung,  the  respiratory  function  of 
the  compressed  lung  being  in  complete  abeyance. 

The  constitutional  symptoms  are  usually  marked  when  the  dis- 
ease is  primary  and  acute.  After  a  few  hours,  possibly,  of  malaise, 
there  is  an  abrupt  rise  of  temperature  to  102-104°  F,,  generally  with- 
out chill,  and  attended  by  the  usual  headache,  anorexia,  furred 
tongue,  muscular  pains,  and  other  accompaniments  of  fever.  The 
fever  varies  exceedingly  in  different  cases.  Most  authors  give  as 
more  or  less  typical  a  steady  continued  fever  of  102"^  to  103°  or  even 
104°  for  from  seven  to  ten  days;  it  then  becomes  remittent  with 
gradually  diminishing  evening  exacerbation  until  at  the  end  of  an- 
other week  it  has  fallen  to  the  normal.  But  there  is  certainl}^  fre- 
quent divergence  from  this  type.  The  initial  high  temperature  may 
almost  immediately  subside,  or  a  slight  hectic  fever  may  continue 
until  the  effusion  is  entirely  absorbed.  In  general  the  persistence 
of  any  considerable  fever  is  evidence  of  a  continuance  of  the  inflam- 
matory process. 

The  pulse  in  serofibrinous  pleurisy,  besides  the  frequency  which 
would  naturally  result  from  the  fever,  is  apt  to  be  small  and  hard. 
Netter  states  that  these  latter  characteristics  are  due  to  pain,  and  dis- 
appear with  the  subsidence  of  the  latter;  Fraentzel  says  that  they 
become  more  noticeable  as  the  effusion  increases  and  are  due  to  di- 
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rect  interference  with  the  return  of  venous  blood  to  the  heart;  the 
view  that  this,  rather  than  a  diminished  circulation  of  blood  in  the 
compressed  lung,  is  the  cause  of  these  phenomena,  he  regards  as  cor- 
roborated bj  the  fact  that  after  aspiration  the  pulse  often  becomes  im- 
mediately full  and  soft,  although  the  lung  as  yet  cannot  possibly  have 
expanded. 

The  urine  is  at  first  scanty  and  high-colored,  and  usually  continues 
so  until  the  effusion  begins  to  subside,  when  it  may  suddenly  increase 
to  a  quantity  far  above  the  normal,  and  contain  an  abundance  of 
chlorides  which  had  hitherto  been  diminished. 

The  total  duration  of  an  acute  serofibrinous  effusion,  as  above 
described,  is,  on  an  average,  from  one  to  two  months.  It  is  claimed 
b}^  Lancereaux — and  my  own  experience  would  seem  to  accord  with 
this — that  the  affection  does  not  lack  a  certain  cyclical  character. 
He  speaks  of  a  period  of  exudation,  a  period  of  quiescence — periode 
d'etat — during  which  the  effusion  remains  at  about  the  same  height, 
and  a  period  of  absorption.  Each  of  these  periods  is  said  to  last 
about  ten  days,  though,  of  course,  a  much  longer  time  will  often 
elapse  from  the  beginning  of  absorption  before  all  traces  of  the  exu- 
date have  entirely  disappeared.  My  own  observation  has  been  that 
the  great  majority  of  effusions  are  small,  or  at  most  moderate  in  size; 
and  that  in  such  a  more  or  less  typical  course  like  the  above  is  at 
least  a  very  common  occurrence.  If  this  is  a  true  conception,  it  is, 
as  will  later  appear,  of  the  greatest  moment  as  regards  the  operative 
management  of  the  disease. 

Chronic  and  latent  serofibrinous  pleurisies  form  a  group  quite  distinct 
from  the  foregoing.  The  terms  chronic  and  latent  are  not,  however, 
synonymous.  Ajaj  acute  pleurisy  may  become  chronic;  the  effusion 
may  simply  persist  without  appreciable  exacerbations  of  the  inflam- 
matory process,  or  there  may  be  a  series  of  acute  febrile  attacks, 
each  one  of  which  is  attended  by  fresh  exudation  of  serum;  in 
either  event  the  pleura  is  undergoing  a  gradual  process  of  chronic 
thickening  probably  with  secondary  fibroid  invasion  of  the  lung. 
The  latent  form,  on  the  other  hand,  is  chronic  from  the  start.  It 
develops  without  pain,  fever,  or  respiratory  disturbance;  its  onset 
and  progress  are  so  insidious  that  the  patient  may  be  for  a  long 
time  unaware  of  any  thoracic  trouble.  But  sooner  or  later  certain 
symptoms  do  appear  which  lead  him  to  seek  advice.  He  has  grown 
pallid,  and  complains  of  weakness,  or  of  dyspnoea  especially  on 
exertion,  or  possibly  of  a  sense  of  soreness,  or  uneasiness,  or 
weight  in  the  chest.  His  appetite  is  gone,  and  his  flesh  has  begun 
to  disappear.  Such  are  the  symptoms,  perhaps  not  even  suggesting 
any  respiratory  affection,  which  usually  bring  these  cases  of  latent 
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effusion  to  the  physician.  Especially  common  in  children  in  whom 
emaciation  and  pallor  are  often  the  only  prominent  signs,  and  in 
those  of  naturally  or  otherwise  feeble  constitution,  the  importance 
from  a  clinical  point  of  view  of  this  latent  form  can  hardly  be  exagge- 
rated. According  to  Pretorius  the  secondary  syphilitic  forms  of  effu- 
sion are  very  apt  to  pursue  this  course. 

A  very  great  proportion,  some  would  say  all,  of  these  chronic  and 
latent  forms  are  tuberculous — that  is  to  say,  cases  of  genuine  pleural 
tuberculosis  whether  associated  or  not  with  pulmonary  phthisis. 
With  the  lapse  of  time,  perhaps  of  many  years,  they  all  tend  to  pro- 
duce marked  and  characteristic  deformity  of  the  chest  through  con- 
traction of  the  newly  formed  connective  tissue  in  both  pleura  and 
lung.  The  affected  side  is  shrunken,  especially  in  the  lower  half,  the 
intercostal  spaces  are  narrowed,  the  shoulder  droops,  there  is  lateral 
curvature  of  the  spine,  and  the  angle  of  the  scapula  is  slightly  tilted 
outwards  and  projecting.  The  general  condition  and  respiratory 
symptoms  of  such  individuals  will  be  again  referred  to  in  the  para- 
graph on  chronic  adhesions. 

Physical  Signs. 

Until  fluid  has  developed  in  sufficient  quantity  for  detection,  the 
physical  signs  of  serofibrinous  pleurisy  do  not  differ  in  any  way  from 
those  of  the  dry  form.  Practically  the  only  sign  of  any  importance 
is  friction,  a  full  description  of  which  has  already  been  given.   ' 

The  effusion  i)robably  begins  to  form  within  a  few  hours  from 
the  onset  of  the  disease ;  in  the  experiments  of  Andral  and  Wintrich 
with  the  injection  of  irritants  into  the  pleural  cavity  of  animals,  this 
period  varied  from  five  to  thirty  hours.  But  it  is  not  until  consider- 
ably later,  perhaps  from  the  second  to  the  fifth  day,  that  the  effusion 
can  usually  be  detected.  The  quantitj^  of  fluid  -which  may  gather 
before  any  physical  signs  are  produced  has  been  variously  estimated 
by  different  observers.  It  is  usually  stated  at  from  300  to  500  c.c. 
This  will  of  course  depend  much  on  the  methods  employed. 

That  even  500  c.c.  may  not  be  sufficient  to  produce  any  perceptible 
dulness  was  recently  demonstrated  in  one  of  my  own  cases.  On  my 
regular  hospital  round  I  made  a  careful  examination  of  the  chest  of  a 
man  supposed  to  have  chronic  nephritis ;  the  lower  border  of  each 
lung  behind  was  percussed  and  marked  with  all  possible  care ;  no 
sign  of  effusion  was  discovered,  and  auscultation  was  also  negative. 
I  had  no  sooner  left  the  ward  than  I  was  hastily  recalled  and  found 
that  the  man  had  suddenly  dropped  dead.  The  autopsy  showed  to 
my  great  surprise  750  c.c.  of  non-encapsulated  fluid  in  the  right  pleural 
cavity ;  that  this  was  not  a  post-mortem  transudation  is  measurablj^  cer- 
tain, because  of  its  unilateral  character.     In  this  case,  however,  there 
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was  no  examination  with  reference  to  the  respiratory  excursion ;  and 
it  is  quite  probable  that  by  this  or  other  of  tlie  finer  methods  of  diag- 
nosis a  much  smaller  etl'usion  could  have  been  recognized. 

For  greater  convenience  in  description  and  also  because  of  certain 
corresponding  chauges  in  the  physical  signs  which  will  presently  be 
considered,  we  may  with  advantage  diAide  effusions  according  to  their 
size  into  small,  moderate,  and  large.  In  a  small  effusion  the  signs  of 
exudation  appear  only  behind ;  in  the  moderate  form  the  pleural  cavity 
is  perhaps  half-full  of  fluid,  and  flatness  appears  over  the  lower  front ; 
in  a  large  effusion  the  lung  is  compressed,  the  mediastinum  and  dia- 
phragm are  much  displaced,  and  the  fluid  nearly  or  quite  fills  the 
chest.  We  will  first  consider  only  typical  uncomplicated  cases  of  sero- 
fibrinous pleurisy. 

Inspection. — Previous  to  the  development  of  effusion  and  even 
when  the  latter  has  been  produced  in  only  small  quantity,  no  change 
in  the  thorax  is  perceptible  to  the  eye  except  a  certain  degree  of  dim- 
inution in  the  respiratory  movement  of  the  affected  side ;  this  is  due, 
l)ai'tly  at  least,  to  the  pain.  As  the  eft'usion  increases,  this  respiratory 
immobility  becomes  greater ;  and  finally,  with  complete  filling  of  the 
chest,  all  movement  of  the  afl'ected  side  may  cease. 

The  affected  side  is  manifestly  larger  than  the  other.  The  nipple 
and  scapula  are  both  farther  removed  from  the  median  line,  and  the 
sternum  also  is  often  slightly  deflected  towards  the  affected  side,  as 
may  be  tested  by  a  string  carried  from  the  sternal  notch  to  the  sym- 
physis. The  intercostal  spaces  are  seen  to  be  more  or  less  obliter- 
ated, rarely,  perhaps,  to  protrude.  The  impulse  of  the  heart's  apex 
may  be  detected  in  an  abnormal  situation ;  or  a  noticeable  tumor  may 
l3e  produced  in  the  hypochondrium  from  sagging  of  the  diajohragm 
or  prominence  of  the  dislocated  liver.  As  hardly  more  than  curiosi- 
ties are  to  be  regarded  the  one  or  two  reported  instances  of  the 
pointing  of  a  serofibrinous  effusion.  In  a  case  reported  by  Sahli  a 
tumor  appeared  under  the  clavicle,  but  did  not  result  in  perforation. 
In  another  case,  reported  by  the  same  author,  a  serofibrinous  eft'u- 
sion  was  evacuated  by  vomica ;  Sahli  could  find  but  one  other  case 
mentioned  in  the  literature. 

Mensuration  has  always  been  much  employed  in  the  diagnosis  of 
pleuritic  eflusion,  but  its  value  is  extremely  limited.  The  compara- 
tive measurement  of  the  two  sides  rarelj'  gives  conclusive  evidence, 
the  difference  being  usually  so  slight  as  to  be  easily  attributable  to 
error;  moreover,  the  normal  difference  of  1  to  2  cm.  in  the  circum- 
ference of  the  two  sides,  usually  in  favor  of  the  right,  does  not  les- 
sen the  uncertainty  of  the  result.  On  the  other  hand,  as  an  indica- 
tion of  change  in  the  quantity  of  fluid  from  day  to  day,  repeated 
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measurements  of  the  whole  circumference  of  the  chest  may  be  of  ser- 
vice. Still  even  here  the  results  are  not  conclusive ;  as  pointed  out 
by  Fraentzel,  an  effusion  may  be  steadily  diminishing  and  yet  the 
chest  circumference  may  remain  unchanged,  since  the  diaphragm  is 
usually  the  first  to  feel  the  effects  of  absorption. 

Palpation. — The  most  valuable  of  the  signs  furnished  by  palpa- 
tion is  the  almost  invariable  diminution  of  vocal  fremitus  over  that 
portion  of  the  chest  where  the  fluid  is  in  immediate  contact  with  the 
chest  wall.  It  is  hardly  necessary  to  say  that  here  as  elsewhere  the 
degree  of  fremitus,  owing  to  great  variations  in  different  individuals, 
can  be  determined  only  by  carefully  comparing  corresponding  areas 
on  both  sides  of  the  chest.  In  a  small  effusion  fremitus  over  the 
fluid  is  only  diminished ;  in  a  moderate  or  large  effusion  it  may  be 
totally  absent.  Few  signs  of  effusion  are  more  valuable  than  absence 
of  vocal  fremitus.  Still  it  is  not  infallible.  If  there  are  numerous 
adhesions,  or  if  the  effusion  is  multilocular,  fremitus  is  said  to  be  fre- 
quently unimpaired;  and  that  it  may  exceptionally  be  present  in  an 
apparently  uncomplicated  case  of  small  effusion  I  can  certify  from  a 
personal  observation  in  which  the  diagnosis  was  confirmed  by  aspira- 
tion. Over  the  lung  itself  fremitus  is  normal  if  the  effusion  is  only 
small  or  moderate ;  the  line  of  demarcation  between  fluid  and  lung 
may  be  quite  sharply  defined  by  testing  the  fremitus  with  a  single 
finger  moved  slowly  from  below  upwards.  In  a  large  effusion  fremitus 
is  usually  considerably  increased  over  the  lung  because  of  its  solidi- 
fied condition. 

Palpation  may  also,  in  a  large  effusion,  disclose  an  increased 
sense  of  resistance  in  the  intercostal  spaces  of  the  affected  side, 
French  authors  speak  of  a  sense  of  fluctuation  which  may  be  obtained 
by  palpation  with  two  fijigers  in  the  same  intercostal  space;  it  is, 
however,  admitted  to  be  of  very  rare  occurrence.  Mouisset  further 
describes  a  "sensation  de  flot"  called  also  by  Tripier  "Jluctuation 
vibratoire,"  a  sort  of  fremitus  or  vibratory  sensation  felt  in  the 
hand  on  applying  it  rather  forcibly  to  the  chest,  or  on  laying  one 
hand  upon  the  chest  in  front  and  striking  with  the  other  behind. 
It  is  said  to  be  perceptible  only  over  a  large  non-encapsulated  effu- 
sion in  a  subject  with  thin  and  elastic  chest  walls. 

Other  valuable  evidence  afforded  by  palpation  is  that  of  displace- 
ment of  organs.  In  a  large  left-sided  effusion,  the  heart's  impulse 
may  be  felt  in  the  epigastrium  and  also  at  times  in  the  fourth  and  fiith 
intercostal  spaces  a  few  centimetres  to  the  right  of  the  sternum.  In 
effusion  upon  the  right  side  the  impulse  may  be  from  3  to  6  cm.  or 
more  outside  the  left  mammary  line.  In  small  effusions  cardiac  dis- 
placement is  best  shown  by  percussion.     Dislocations  of  the  liver  or 
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spleen,  as  produced  by  large  effusions,  are  also  most  readily  de- 
termined by  palpation;  either  organ  may  project  a  varying  distance 
below  the  ribs,  or  in  extreme  cases  the  diaphragm  may  even  sag  down- 
wards and  appear  in  the  hypochondrium  as  a  large,  prominent,  and 
fluctuating  tumor  beneath  which  on  the  right  the  whole  liver  may  be 
felt  (Fraentzel). 

Finally,  palpation  may  occasionally  be  of  service  in  disclosing 
an  oedema  of  the  chest  wall,  which,  however,  appears  only  exception- 
ally in  serofibrinous  effusions,  and  in  a  very  mild  degree. 

Percussion. — Wherever  a  pleuritic  effusion  is  in  contact  with  the 
chest  wall  the  percussion  note  is  absolutely  flat ;  and  a  marked  sense 
of  resistance  is  imparted  to  the  plessimeter  finger. 

The  shape  of  this  flat  area,  more  particularly  its  upper  border, 
has  always  been  a  fertile  subject  of  discussion  among  clinicians. 
Owing  largely,  no  doubt,  to  the  divergence  of  opinion  which  still 
prevails,  most  authors  refuse  to  accord  any  very  prominent  place 
among  the  signs  of  pleurisy  to  the  curve  of  effusion.  Up  to  the  time 
of  Damoiseau  it  was  universally  thought  that  the  upper  boundary  of 
the  flat  area  was  horizontal.  Damoiseau  claimed  that  it  was  a  para- 
bola having  its  highest  point  at  the  angle  of  the  scapula.  The  obser- 
vations of  Calvin  Ellis,  published  in  the  later  seventies,  were  some- 
what similar.  He  described  a  curve  having  its  highest  point  in 
the  axilla,  but  quite  different  in  shape  from  a  parabola,  and  named 
afterwards  by  Garland  the  "letter  of  S  curve."  Garland  also  gave 
much  study  to  the  physics  of  the  subject;  and  his  work  on  pneumo- 
dynamics  represents  the  best  that  has  yet  been  presented  to  the 
profession  on  the  relation  between  a  pleuritic  effusion  and  the  sur- 
rounding organs.  Both  Ellis  and  Garland  claim  that  all  effusions 
except  the  very  large  ones,  present  the  S  curve. 

German  authorities,  with  a  few  exce^jtions,  give  the  subject  but 
little  attention.  Heitler  described  a  curve  very  similar  to  that  of  Ellis. 
Fraentzel  says  nothing  about  the  matter  except  as  to  very  large  effu- 
sions which  nearh'-  fill  the  chest.  Wintrich  states  that  the  line  is  not 
horizontal  but  descends  towards  the  ground  at  a  more  or  less  acute 
angle.  Leichtenstern  and  Ferber  think  it  depends  upon  the  posture 
of  the  patient  e&rlj  in  the  disease.  Gerhardt  holds  the  same  view. 
Weil  is  more  explicit;  he  finds  that  small  and  moderate  effusions 
usually'  present  a  curve  with  upward  convexity  which  is  highest  at 
the  spine.  He  adds,  however,  the  following  important  confirmation 
of  the  opinion  expressed  by  Ellis :  "  In  other  cases  I  was  able  to 
convince  myself  most  emphatically  that  the  exudation  occupied  al- 
most the  whole  lateral  region  of  the  thorax ;  while  in  front  it  was 
scarcely  perceptible  and  behind  did  not  reach  as  high  as  in  the  mid- 
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die  axillary  line. "  Since  this  statement  covers  the  really  important 
points  of  the  S  curve,  it  is  difficult  to  understand  his  assertion  made 
further  on,  that  he  has  never  been  able  to  convince  himself  of  the  re- 
ality of  the  S  curve.  Netter  adopts  the  parabola  as  originally  de- 
scribed by  Damoiseau. 

These  differences  of  opinion  are  not  easy  to  explain.  Varied 
methods  of  percussion  may  account  for  them  in  part.  Undoubtedly 
the  main  reason  is  to  be  found  in  the  fact — for  me,  at  least,  assured — 
that  these  curves  vary  with  the  quantity  of  fluid.  This  does  not,  how- 
ever, impair  in  any  way  their  diagnostic  value.  Each  curve  is  quite 
constant  and  characteristic  in  its  own  particular  field;  and  I  venture 
to  affirm  that  no  other  one  sign  of  effusion  is  to  be  compared  with 
this  in  diagnostic  importance  and  utility. 

One  word  in  regard  to  method.  The  curve  in  question  represents 
the  upper  border  of  absolute  flatness ;  and  this  can  only  be  determined 
by  light  percussion.  The  lung  above  the  fluid  is  not  fully  resonant — 
especially  behind — and  the  stroke  must  be  exceedingly  light  and 
delicate  to  differentiate  accurately  between  this  pulmonary  dulness 
and  the  absolute  flatness  below. 

Before  enough  fluid  has  collected  to  give  rise  to  flatness,  the  com- 
mencement of  effusion  may  be  suggested  by  a  slight,  illy  defined  dul- 
ness at  the  extreme  base  behind ;  or,  as  emphasized  by  Weil,  by  a 
diminished  respiratory  excursion  of  the  posterior  pulmonary  margin. 

Small  Effusion. 

The  first  positive  sign  of  a  small  collection  of  fluid  is  a  zone  of 
flatness  which  appears  at  the  extreme  posterior  base  of  the  chest. 
This  zone  is  at  the  outset  not  more  than  two  to  three  inches  in 
height,  and  is  frequently  overlooked  by  those  who  fail  to  mark  care- 
fully the  lower  pulmonary  limits  in  all  examinations  of  the  chest. 
Remembering  that  this  limit  upon  the  left  is  normally  about  an  inch 
lower  than  upon  the  right,  any  greater  difference  between  the  two 
will  at  once  arouse  suspicion  and  lead  to  further  investigation.  The 
upper  border  of  this  zone  is  a  curve  which  may  be  termed  the  "  con- 
vex curve"  of  small  effusion.  Beginning  at  the  spine  the  line  extends 
at  first  outwards,  then  more  abruptly  downwards  so  as  to  reach  the 
base  at  about  the  posterior  axillary  line.  As  the  fluid  increases  in 
quantity  this  zone  widens  and  the  drop  may  be  farther  forwards.  The 
latter  is  not,  however,  invariably  the  case ;  it  would  seem  that  pos- 
ture is  not  entirely  without  influence  upon  the  shape  of  this  flat  area ; 
and  not  infrequently  this  zone  may  be  five  to  six  inches  in  width  and 
yet  not  reach  further  forward  than  the  middle  axillary  line. 

This  "convex  curve"  is  extremely  constant.     I  have  never  yet 
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seen  a  different  one  in  small  non-encapsiilated  effusions,  such  as  have 
formed  at  least  three-quarters  of  my  own  cases;  in  most  instances 
tlie  diagnosis  was  confirmed  by  exx^loratory  puncture. 

The  percussion  note  over  the  lung  in  small  effusions  is  compara- 
tively unchanged;  resonance  may  occasionally  be  a  trifle  increased 
and  very  slightly  tympanitic.  As  a  rule  the  heart  is  not  perceptibly 
displaced. 

Modet^ate  Effusion. 

After  a  growing  effusion  has  reached  a  certain  l^eight  behind,  any 
further  increase  is  no  longer  upwards  but  outwards  and  forwards  into 
the  axilla.  It  is  now  marked  above  b}-  the  "letter  of  S  curve,"  as 
originall}'  described  by  Ellis.  Beginning  at  the  spine,  this  line 
passes  first  outwards,  then  upwards  by  a  gentle  curve  to  the  upper 
axilla  or  the  shoulder  joint ;  from  this  point  it  may  drop  in  front  to 
the  base  near  the  apex  of  the  heart;  or  in  a  larger  effusion  it  may 
follow  approximately  the  course  of  the  fifth  or  fourth  rib  to  the  ster- 
num. Usually  the  change  from  the  convex  to  the  S  curve  is  too 
abrupt  to  be  accurately  followed;  flatness  suddenh-  apiDears  in  the 
axilla,  and  the  S-form  has  developed  between  two  successive  ex- 
aminations. During  the  past  year,  however,  I  have  attended  a  case 
of  effusion  in  which  the  fluid  remained  for  several  days  at  a  half-way 
point.  This  curve,  which  I  had  the  opportunity  of  verifying  at  a 
number  of  different  \'isits,  may  be  represented  in  imagination  by  a 
moderate  bulging  of  the  convex  curve  in  the  direction  of  the  upper 
axilla. 

The  lung  above  a  moderate  effusion  gives  a  resonance  which  dif- 
fers according  as  percussion  is  made  in  front  or  behind.  Posteriorly 
it  is  decidedly  dull.  This  is  more  marked  as  the  line  of  fluid  is 
approached,  and  is  especially  noticeable  in  the  space  between  the 
S  curve  and  the  spine.  Garland  calls  this  space  the  "dull  triangle," 
and  recommends  that  it  be  cleared  somewhat  by  means  of  a  few 
deep  inspirations  before  attempting  to  mark  out  the  curve.  This 
is  undoubtedly  a  valuable  suggestion ;  personally  I  have  never  found 
it  necessary,  and  it  should  not  lead  to  the  inference  that  this  curve 
is  often  obscure  or  difficult  to  detect.  In  front,  resonance  over  the 
lung  is  markedly  tympanitic ;  its  pitch  is  low  at  fiii'st  but  becomes 
higher  as  the  effusion  increases.  Both  Fraentzel  and  Weil  regard  the 
appearance  of  high-pitched  tympany  as  indicative  of  beginning  com- 
pression. This  tympanitic  resonance  over  the  retracted  lung  of  pleu- 
ritic effusion  is  usually  termed  the  hruit  sJcodique  after  Skoda  and  is 
probably  due  to  the  diminished  tension  of  the  alveolar  walls.  On  the 
other  hand,  diminution  in  volume  means  increased  density  and  there- 
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fore  higlier  pitch ;  hence  the  gradual  change  from  a  low  to  a  high 
tympanitic  note  as  the  lung  begins  to  undergo  actual  compression  by 
the  fluid. 

In  moderate  effusion  the  heart  alone  gives  evidence  of  displace- 
ment, and  this  only  when  the  effusion  is  in  the  left  pleural  cavity. 
Any  movement  of  the  heart  toward  the  right  is  extremely  easy  to  de- 
tect. Normally  the  right  border  of  the  heart  is  represented  by  a  per- 
pendicular line  extending  from  the  third  rib  to  the  liver  just  inside 
the  left  border  of  the  sternum.  The  lower  half  of  the  sternum  is  nor- 
mally resonant,  at  least  as  resonant  as  its  upper  haK,  with  which  it 
should  always  be  compared.  Any  displacement  of  the  heart  towards 
the  right  is  at  once  attended  by  the  appearance  of  dulness  in  this  car- 
diohepatic  angle ;  and  because  of  the  sharp  differentiation  between 
flatness  and  full  resonance  which  is  here  possible,  any  encroachment 
upon  the  sternum  is  very  easily  detected.  This  slight  displacement 
of  the  heart  is  an  important  confirmatory  sign  of  left-sided  effusion. 
Of  course  enlargement  of  the  right  heart,  or  a  pericardial  effusion, 
will  produce  a  like  result,  and  both  must  therefore  be  excluded.  In 
children  from  the  fifth  year  to  beyond  puberty  the  sign  has  no  value, 
since  here  the  prsecordia  extends  normally  beyond  the  right  sternal 
margin. 

■Large  Effusion. 

Here  the  shape  of  the  effusion  no  longer  has  the  same  diagnostic 
importance  as  in  the  smaller  forms.  The  curve  is  hardly  as  charac- 
teristic, and  in  the  marked  displacement  of  organs  we  now  have  a  far 
more  absolute  sign.  Again,  the  line  is  not  always  easily  defined, 
particularly  behind  where  the  resonance  over  the  compressed  lung  is 
at  most  very  dull.  Still  the  curve  of  large  effusion  is  very  constant. 
Beginning  at  the  junction  of  the  second  or  third  rib  with  the  ster- 
num, it  passes  outwards  and  upwards  over  the  clavicle  and  shoulder, 
then  downwards  and  inwards  to  the  fifth  or  sixth  dorsal  vertebra. 
It  has  an  upward  concavity,  and  may  be  termed  the  "  concave  curve" 
of  large  effusion  in  contradistinction  to  those  already  described. 

In  front,  resonance  over  the  compressed  lung  is  still  tympanitic 
and  of  high  pitch.  Behind  it  is  very  dull,  sometimes  quite  flat; 
indeed  the  lung  may  be  wholly  separated  by  fluid  from  the  posterior 
wall  of  the  chest. 

Several  special  varieties  of  resonance  are  to  be  noted  as  of  occa- 
sional occurrence  over  the  compressed  lung  in  front.  Just  below  the 
inner  end  of  the  clavicle  the  note  is  often  tympanitic,  even  when  this 
quality  has  disappeared  below  and  when  the  rest  of  the  lung  is  quite 
dull  or  flat.     It  is  then  called  the  "  Williams'  tracheal  tone,"  and 
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originates  in  tlie  large  bronchi  or  trachea,  the  vibrations  of  which 
are  transmitted  through  the  compressed  lung.  This  tone  has  a  high 
pitch  which  changes  with  opening  or  closing  of  the  mouth;  it  can 
he  detected  onh'  by  strong  percussion,  and  is  found  only  in  very 
large  effusions.  Earely  it  has  a  more  or  less  metallic  quality  or 
"cracked-metal"  resonance — the  bruit  de  j)ot  feM — due  probably  to 
some  local  constriction  of  the  bronchus. 

The  dislocation  of  organs  is  perhaps  the  most  important  of  all  the 
evidences  of  large  effusion  and  must  be  made  out  chiefly  by  per- 
cussion. 

The  heart,  if  free  to  yield  to  the  pressure  of  the  fluid,  is  found 
displaced  to  the  right  or  left  as  the  case  may  be.  This  dislocation 
is  far  more  pronounced  when  towards  the  right.  We  have  already 
seen  that  even  in  moderate  effusion  upon  the  left  there  is  a  movement 
of  the  heart  towards  the  opposite  side,  as  indicated  by  the  appear- 
ance of  dulness  over  the  lower  half  of  the  sternum.  As  the  fluid  in- 
creases, the  upper  and  right  boundary  of  this  dulness  moves  still  fur- 
ther outwards,  and  the  duln.ess  becomes  more  complete.  Finally, 
in  very  large  effusions  the  precordial  area  may  lie  wholly  to  the  right 
of  the  median  line  and  present  an  outline  very  similar  to  that  which 
normally  exists  upon  the  left.  It  has  both  a  zone  of  relative  dulness 
and  one  of  absolute  flatness.  The  latter,  continuous  towards  the  left 
with  the  effusion  and  below  with  the  liver,  is  bounded,  above  and  to 
the  right  by  a  curved  line  with  upward  convexity-,  which  extends  from 
the  costosternal  articulation  of  the  fourth  rib  outwards  and  down- 
wards to  the  liver  a  little  inside  the  mammary  line.  Outside  of  this 
flat  area  is  the  zone  of  relative  dulness,  about  one  inch  in  width. 
In  right-sided  effusion  the  outer  borders  of  both  absolute  and  rela- 
tive cardiac  cbilness  are  simply  displaced  towards  the  left — in  ex- 
treme cases  so  as  to  reach  the  anterior  axillary  line ;  the  upper  bor- 
der remains  at  its  normal  level.  These  dislocations  to  the  left  are 
neither  so  pronounced  nor  so  early  perceptible  as  those  towards  the 
right,  and  have  therefore  an  inferior  diagnostic  value. 

With  the  heart  the  mediastinum  also  is  crowded  over  towards  the 
sound  side.  This  displacement  can  only  become  plainly  evident  when 
the  fluid  has  risen  above  the  level  of  the  fourth  rib  in  front  and  the 
resonance  over  the  lung  has  become  quite  dull,  for  then  only  is  there 
a  distinct  line  of  demarcation  between  the  sound  lung  and  the  dimin- 
ished resonance  or  flatness  of  the  opposite  side.  The  mediastinum 
may  be  found  at  the  sternal  border,  or,  in  extreme  cases,  even  an  inch 
or  more  beyond. 

The  doAvnward  displacement  of  the  diaphragm  can,  on  the  left  side, 
be  followed  with  more  or  less  accuracy ;  on  the  right  it  can  only  be 
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inferred  from  tlie  position  of  tlie  lower  margin  of  the  liver.  Weil 
states  that  in  small  effusions,  when  the  weight  of  fluid  presses  chiefly 
upon  the  posterior  regions  of  the  diaphragm,  he  has  often  detected  an 
elevation  of  this  lower  hepatic  margin,  the  upper  boundary  remain- 
ing unchanged — a  condition  which  he  ascribes  to  a  tilting  of  the  organ 
upon  its  transverse  axis.  In  all  large  effusions  the  liver  is  depressed 
in  toto  and  its  lower  border  may  even  be  found  at  a  level  with  the  um- 
bilicus. At  the  same  time  there  is  usually  a  lateral  tilting  ujjon  its 
anteroposterior  axis,  so  that  the  left  lobe  is  relatively  higher  than 
the  right  and  the  lower  margin  has  an  unusually  diagonal  course. 
In  large  effusions  the  upper  hepatic  boundary  is  of  course  blended 
with  the  flatness  of  the  fluid. 

It  was  stated  that  on  the  left  the  descent  of  the  diaphragm  can  be 
more  closely  followed.  This  is  true  only  in  front,  and  here  in  a  small 
area  known  as  Traube's  semilunar  space.  This  space  is  bounded 
below  by  the  free  border  of  the  ribs,  above  by  the  left  lobe  of  the 
liver,  the  pulmonary  margin,  and  the  spleen.  The  underlying  stom- 
ach and  colon,  when  empty,  give  this  area  normally  a  tympanitic 
resonance,  which  presents  a  sharp  contrast  to  the  non-tympanitic  res- 
onance above,  or,  still  more,  to  the  flatness  of  effusion.  It  is  easy, 
therefore,  to  follow  the  progressive  di'op  of  the  latter,  and  the  nar- 
rowing of  this  space  which  begins  when  the  effusion  has  reached  a 
considerable  size.  This  space  may  eventually  become  wholly  ob- 
literated; or  the  flatness  may  even  project  beyond  the  ribs  in  cases, 
mostly'  purulent,  in  which  the  diaphragm  actually  sags.  Traube, 
and  following  him  Fraentzel,  attribute  a  very  great  diagnostic  impor- 
tance to  this  space  and  the  signs  it  affords.  Weil,  however,  very 
justly  observes  that  these  signs  are  late,  and  therefore  of  no  as- 
sistance in  small  or  moderate  effusions  where  such  aid  is  most 
needed — a  large  effusion  presenting,  in  general,  no  especial  diffi- 
culty in  diagnosis.  Moreover,  this  space  is  normally  dull  if  the 
stomach  or  colon  is  full. 

The  spleen  is  dislocated  forwards  and  downwards  when  the  dia- 
phragm is  depressed,  but  this  can  seldom  be  determined  by  percus- 
sion, since  its  flatness  becomes  blended  with  that  of  the  fluid. 

The  opposite  lung  is  by  no  means  unaffected  by  large  effusion. 
The  very  considerable  displacement  of  the  mediastinum  already  de- 
scribed gives  the  lung  together  with  the  diaphragm  of  the  unaffected 
side  an  opportunity  to  retract.  The  resonance,  therefore,  may  be  very 
markedly  tympanitic  over  the  whole  opposite  front ;  and  if  the  effu- 
sion is  on  the  left  side  the  liver  may  be  found  more  or  less  depressed 
from  the  same  cause. 

The  question  as  to  the  mohility  of  a  pleuritic  effusion  has  been 
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much  disputed.  While  there  is  still  some  diflference  of  opinion,  most 
authors  (Fraentzel,  Weil,  Ferber,  Garland)  agree:  1.  That  very 
large  effusions  are  immovable;  2.  that  moderate  effusions  do  show  a 
slight  change  of  position  after  the  lapse  of  several  minutes ;  and  3. 
that  the  extent  of  this  change  rarely  amounts  to  more  than  a  single  in- 
tercostal space.  As  to  small  effusions  statements  are  meagre.  Ger- 
hardt  thinks  these  are  even  more  movable  than  the  large  ones  and 
that  an  early  effusion  may  sometimes  be  detected  by  a  suspicious 
dulness  which  appears  in  the  axillary  region  when  the  patient  as- 
sumes the  knee-elbow  posture  with  inclination  towards  the  affected 
side.  I  myself  have  never  been  able  to  detect  the  slightest  change 
in  the  position  of  a  small  effusion. 

Auscultation. — As  a  general  rule,  wherever  the  fluid  of  a  pleu- 
ritic effusion  is  interposed  between  the  ear  and  the  lung,  the  respi- 
ratory murmur  will  be  found  to  be  diminished.  In  some  cases  it  is 
totally  absent,  though  this  can  hardly  be  considered  a  common  oc- 
currence. The  cause  of  this  diminished  respiration  is,  on  the  one 
hand,  the  greater  distance  of  the  lung  from  the  ear,  and  on  the  other 
the  enfeebled  expansion  of  the  lung  itself.  The  quality  of  respi- 
ration, as  found  over  the  fluid,  is  approximately  vesicular  in  both 
small  and  moderate  effusions,  or,  in  other  words,  so  long  as  the  lung 
is  uncompressed.  When  actual  compression  begins,  and  the  en- 
trance of  air  into  the  pulmonary  vesicles  becomes  more  impeded,  the 
quality  of  the  respiratory  sound  changes ;  it  becomes  at  first  broncho- 
vesicular  and  finally  bronchial  after  the  tubes  alone  remain  pervi- 
ous. Hence  over  a  large  effusion  vesicular  respiration  is  never  heard ; 
if  any  at  all  is  perceived  it  is  bronchial — and  usually  by  careful  aus- 
cultation a  very  faint  and  distant  respiratory  sound  can  be  detected 
which  is  bronchial  in  quality  and  becomes  louder  the  closer  the  lung 
is  apijroached. 

To  this  rule,  however,  there  are  important  exceptions.  One  of 
the  more  frequent  of  these  is  to  hear  loud  bronchial  respiration  clear 
to  the  base  of  a  large  effusion — in  children,  especially,  a  very  com- 
mon occurrence.  Less  frequent  are  the  instances  in  which  respiration 
is  bronchial  over  a  small  effusion,  as,  for  example,  when  the  posterior 
zone  of  flatness  has  a  width  of  only  three  to  four  inches. 

In  still  other  cases  there  is  complete  silence  over  the  whole  chest 
from  top  to  bottom — probably  when  from  compression  or  other  cause 
even  the  bronchi  themselves  are  no  longer  open. 

Respiration  over  the  lung  varies  in  the  way  that  might  be  antici- 
pated from  the  foregoing.  In  small  effusions  it  is,  though  dimin- 
ished, fairly  distinct  and  of  vesicular  quality.  In  moderate  effusion 
it  is  comparatively  normal  in  front ;  behind  it  is  distant  and  indistinct, 
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often  called  "  indeterminate."  In  large  effusions  it  is  markedly  bron- 
chial as  a  rule,  exceptionally  quite  absent.  In  certain  instances  also 
of  the  latter  it  may  even  be  amphoric ;  here  as  with  cracked-metal 
resonance,  we  can  only  suppose  a  constriction  of  the  main  bronchus. 

The  voice  sounds  are  found  to  correspond  in  general  with  the 
respiratory  murmur,  presenting  the  same  characteristics  as  to  quality 
and  intensity.  For  example,  over  a  small  effusion  the  voice  becomes 
more  distant  the  moment  the  stethoscope  crosses  the  line  of  fluid. 
In  a  moderate  effusion  this  change  is  still  more  marked,  the  voice  is 
still  more  distant  and  perhaps  somewhat  plaintive  in  character.  In 
a  large  effusion  there  is,  as  a  rule,  bronchophony  over  the  com- 
pressed lung,  and  either  distant  or,  rarely,  loud  bronchophony  over 
the  fluid.  If  respiration  is  totally  absent  the  voice  sounds  are  also 
faint  and  indistinct.  Occasionally  one  hears  a  variety  of  broncho- 
phony which  has  been  supposed  to  have  a  deep  significance  in  the 
diagnosis  of  effusion,  and  to  which  Laennec  first  gave  the  name 
gegophony.  This  sound  is  high  pitched  and  has  a  bleating,  quaver- 
ing, or  plaintive  quality ;  as  Laennec  says,  it  has  more  the  character 
of  an  echo  than  of  the  voice  itself.  It  is  far  from  a  constant  sign  of 
effusion,  and  is  generally  heard  only  in  certain  phases  of  its  develop- 
ment, oftenest,  perhaps,  when  compression  has  begun  but  is  not  ex- 
cessive. Besides  being  inconstant  it  is  not  even  pathognomonic  of 
effusion,  being  also  heard  at  times  over  a  consolidated  lung.  It  is  a 
sign  which  possesses  considerable  interest  but  is  of  no  great  clinical 
importance. 

The  whispered  voice  is  usually  transmitted  through  a  serous  effu- 
sion with  great  distinctness,  as  if  the  words  were  almost  whispered 
into  the  ear.  This  "aphonic  pectoriloquy"  is  often  called  Baccelli's 
sign,  this  author  having  laid  particular  stress  upon  it  as  distinctive 
of  a  simple  serous  exudate.  It  is  now  known  to  be  neither  constant 
in  the  latter  nor  peculiar  to  it ;  it  is  also  found,  though  rarely,  in  em- 
pyema, especially  in  pneumonia,  and  very  often  in  pulmonary  cavi- 
ties.    Its  diagnostic  value  is  therefore  very  small. 

Over  the  unaffected  side  respiration  is  likely  to  be  louder  and  more 
puerile  the  larger  the  effusion  and  the  greater  the  compensatory 
efforts  of  the  sound  lung. 

Friction  has  already  been  referred  to  as  an  early  and  temporary 
sign  of  both  dry  and  serofibrinous  pleurisy.  It  usually  ceases  with 
the  appearance  of  fluid,  though  it  may  exceptionally  persist  along 
its  border  from  continued  activity  of  the  inflammatory  process.  In 
very  rare  instances  friction  may  be  heard  directly  over  a  small  effu- 
sion, as  is  affirmed  by  Beck,  and  as  has  also  occurred  in  my  own  ex- 
perience in  cases  in  which  the  diagnosis  was  confirmed  by  puncture. 
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I  can  merely  state  the  fact  without  attempting  an  explanation,  A 
variety  of  friction  which  may  be  termed  pleuropericardial  (Wiutrich) 
is  not  infrequent;  it  is  synchronous  with  the  heart's  action,  and  is 
produced  by  friction  of  the  pleural  covering  of  the  pericardium  against 
that  of  the  adjacent  lung.  It  is  to  be  distinguished  from  genuine  peri- 
cardial friction  by  its  usual  localization  at  the  extreme  left  border 
of  the  prgecordia,  and  by  the  presence  also  of  pleural  friction  in  its 
ordinary  form. 

The  reahsorption  of  even  a  large  i)leuritic  effusion  may  be  com- 
plete. It  seems  unnecessary  to  describe  again  the  different  signs 
which  mark  the  various  stages  of  this  process,  since  they  all  reappear 
in  inverse  order,  but  in  character  precisel}^  similar  to  those  above 
given.  First,  bronchial  respiration  appears,  which  becomes  more 
and  more  vesicular  and  less  distant  until  finally  the  full  vesicular 
murmur  is  restored.  So  also  with  the  sounds  of  the  voice.  The  line 
of  flatness  gradually  falls,  passing  though  the  same  varieties  of  curve 
as  in  its  ascent.  Heart,  mediastinum,  and  diaphragm  again  return 
bj"  a  succession  of  gradual  changes  to  their  former  positions.  One  of 
the  special  signs  of  reabsorption  is  the  appearance  of  friction  of  an 
intensity  and  extent  such  as  are  present  at  no  other  stage.  It  is  also 
frequent  to  hear  a  fine  crackling  rale  over  the  whole  lung  in  front ;  the 
explanation  of  Traube  that  this  rale  is  produced  by  the  forcible  en- 
trance of  air  into  the  collapsed  pulmonary  alveoli  may  probably  be 
accepted.  Garland  affirms  that  the  effect  of  absorption  is  felt  first  by 
the  diaphragm,  then  by  the  lung,  and  finally  by  the  heart ;  the  latter 
may,  especially  in  left-sided  effusions,  remain  permanently  fixed  in 
its  abnormal  position. 

Although  the  progress  of  reabsorption  is  not  difiicult  to  follow 
when  once  thoroughly  established,  it  is  by  no  means  easj^  to  deter- 
mine just  when  it  begins ;  and  yet  this  is  of  the  greatest  importance 
as  regards  treatment.  Weil  calls  attention  to  the  fact  that  it  may  be 
illusory  to  depend  on  percussion  alone,  particularly  of  the  upper 
border  of  flatness.  This  may  di'op — as,  for  example,  from  yielding 
of  the  diaphragm — and  yet  the  effusion  be  still  increasing.  On  the 
other  hand,  the  level  of  the  fluid  may  remain  absolutelj^  unchanged 
and  still  a  marked  absorption  have  taken  place,  with  corresponding 
return  of  diaphragm  and  mediastinum  and  reexpansion  of  the  lung; 
as  Weil  says,  one  often  sees  no  change  whatever  in  the  level  of  the 
fluid  after  the  aspiration  of  a  considerable  quantity.  Even  if  the  fluid 
does  sink,  the  presence  of  a  thick  deposit  of  lymph  may  cause  the  per- 
cussion note  to  remain  unaltered.  Mensuration  is  still  less  reliable. 
There  is,  in  short,  no  positive  sign  of  reabsorption,  particularly  of  a 
large  effusion.     However,  large  effusions  are  at  the  present  day  rarely 
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left  to  nature;  and  in  small  or  even  moderate  effusions  I  have  always 
found  that  the  careful  percussion  of  the  upper  line  of  flatness  behind 
is  a  reasonably  safe  guide;  there  is  here  so  little  displacement  of 
organs  that  a  diminution  in  the  volume  of  fluid  can  hardly  fail  to 
show  itself  by  a  lessened  area  of  flatness.  In  large  effusions  with 
marked  displacements,  a  conclusion  can  be  reached  only  by  careful 
attention  to  details — such  as,  in  addition  to  the  fluid  level,  an  in- 
creased width  of  Traube's  space,  a  slight  movement  of  the  heart,  or 
a  rise  of  the  liver.  Here  a  careful  marking  of  percussion  outlines 
from  daj'  to  day  is  of  the  utmost  service. 

For  a  long  time  after  complete  absorption  of  an  effusion,  a  slight 
dulness  with  diminished  respiration  may  persist  at  the  extreme  base 
of  the  chest  behind.  This  suggests  a  residue  of  fibrinous  clumps  in 
the  lowest  portions  of  the  pleural  cavity,  the  absorption  of  which  may 
be  extremely  slow. 

For  the  physical  signs  of  chronic  pleural  thickening  with  thoracic 
deformity,  such  as  may  result  from  all  the  different  forms  of  pleurisy, 
the  reader  is  referred  to  the  section  on  chronic  adhesions. 

Purulent  Pleurisy— Empyema. 

Etiology. 

Though  the  various  pathological  conditions  with  which  empyema 
may  be  associated  have  long  been  known,  the  investigations  of  the 
past  decennium  have  greatly  widened  our  knowledge  as  to  its  primary 
and  essential  cause.  It  may  now  be  unhesitatingly  affirmed  that 
every  empyema  is  due  to  microbic  invasion  of  the  pleural  cavity. 
Weichselbaum,  in  1886,  was  among  the  first  to  discover  the  presence 
of  the  pyogenic  microbes,  the  streptococcus  and  staphylococcus  pyo- 
genes, in  the  pus  of  empyema ;  in  1888  he  also  found  the  pneumococ- 
cus.  In  the  same  year  the  cocci  of  suppuration  were  found  by  Kraclit 
in  aU  of  ten  cases  of  empyema,  and  Fraenkel  also  made  an  important 
contribution  to  the  same  subject.  In  1889  and  1890  further  studies 
were  made  by  Thue,  of  Christiania,  and  also  by  Marfan,  Netter,  Drey- 
fuss,  Fraenkel,  Brisac,  Sarafini,  Troisier,  Woillez,  Jaccoud,  Tiirk, 
Leyden,  and  Kelsch.  Since  then,  numerous  investigators  have  en- 
tered the  field,  and  have  already  given  us  some  idea  of  the  relative 
frequency  of  the  different  microbic  forms  of  empyema  and  their  clini- 
cal peculiarities.  Among  those  to  be  prominently  mentioned  are 
Netter  and  Courtois-Suffit  in  France;  Ehrlich,  Levy,  and  Louis 
Ferdinand,  in  Germany ;  Pansini  in  Italy ;  and  Koplik  and  Prudden 
in  the  United  States. 
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Becent  French  writers  upon  pleurisy  (Ketter,  Courtois-Suffit)  have 
described  the  various  etiological  forms  of  empyema — streptococ- 
cal, pneumococcal,  tuberculous,  etc. — as  entirely  distinct  aiffections. 
There  is  much  to  be  said  for  this  classification,  and  undoubtedly  the 
time  will  come  when  such  a  division  of  the  subject  will  be  universally 
recognized.  At  lu-esent,  however,  when  our  knowledge  is  still  in- 
complete and  the  diagnosis  of  these  various  forms  is  still  impossible 
for  the  great  majority  of  practising  physicians,  it  would  seem  to  cor- 
respond more  to  actual  clinical  requirements  to  consider  empj'ema 
as  an  entity'  rather  than  as  several  distinct  affections.  I  shall  merely 
attempt  in  the  following  pages  to  state  certain  special  traits  of  the 
dift'erent  forms  as  given  by  Netter ;  not  that  they  are  to  be  regarded 
as  fully  established  facts,  but  simply  as  a  basis  for  further  investi- 
gation. 

We  may  then,  following  Netter,  describe  empj^ema  as  resulting 
from  the  invasion  of  the  pleural  cavity  by  the  following  microbes : 

Streptococcus  Pyogenes. — This  appears  to  be  by  far  the  most  com- 
mon form  in  adults.  L.  Ferdinand,  in  12  cases  of  empyema,  found 
the  streptococcus  in  6,  or  50  per  cent. ;  one  of  these  was  a  mixed  in- 
fection with  staphylococcus.  Prudden,  in  24  cases,  found  the  strep- 
tococcus otAj  7  times,  or  29  per  cent. ;  however,  it  is  not  certain  that 
all  of  these  cases  were  of  adults ;  there  were  11  metapneumonic  cases 
as  against  only  8  of  "  simple  empyema, "  among  which  belong  all  of 
the  7  above  mentioned.  Netter's  series  is  the  largest  and  presumably, 
therefore,  the  most  reliable ;  he  found  that  in  a  total  of  127  cases  of 
empyema  in  adults,  not  excluding  the  tuberculous  or  putrid,  5Q,  or  44 
per  cent. ,  were  streptococcal. 

It  seems,  therefore,  that  of  all  cases  of  purulent  pleurisy  in  adults, 
about  forty  per  cent,  are  produced  by  the  streptococcus.  In  children 
this  form  is  only  about  half  as  frequent,  the  pneumococcus  taking  in 
them  the  most  prominent  position.  As  we  have  ah'eady  seen,  the 
streptococcus  may  also  exist  in  serofibrinous  pleurisies,  and  this 
would  indicate  that  either  the  microbe  must  be  present  in  very  con- 
siderable numbers  to  cause  suppuration,  or  else,  as  Netter  suggests, 
there  must  be,  in  the  immediate  vicinity  of  the  pleura,  some  focus 
whose  soil  is  peculiarly  adapted  to  their  multiplication. 

Streptococcus  empyema  is,  in  the  great  majority  of  cases,  a  sec- 
ondary affection ;  where  it  appears  to  be  primary,  it  is  probable  that 
the  original  focus  of  suppuration  has  been  overlooked.  Following 
are  the  various  conditions  to  which  it  may  be  consecutive,  as  grouped 
by  Netter  in  the  order  of  their  greatest  frequency : 

I.  Diseases  of  the  Lung. — Most  important  among  these  is  hroncho- 
pneumonia,  especially  the  form  associated  with  influenza.    Of  Netter's 
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56  cases,  17  liad  tliis  origin,  and  3  others  followed  a  bronchopneu- 
monia of  different  origin.  In  7  streptococcal  cases  examined  by  E. 
Grawitz  4  followed  influenza,  hence  presumably  bronchopneumo- 
nia, although  it  is  probable  that  grippe  may  cause  empyema  without 
any  intermediate  affection  of  the  lung.  Other  pulmonary  sources 
of  streptococcus  empyema  are  pneumonia,  tuberculosis,  bronchiectasis, 
gangrene,  cancer,  and  pycEmic  abscesses. 

II.  Diseases  of  the  Mediastinum — namely,  pericarditis,  cancer  and 
other  diseases  of  the  oesophagus,  and  abscess,  bj^  propagation  from  the 
neck  or  otherwise,  as  in  a  case  reported  by  Hanot,  in  which  the  origi- 
nal affection  was  a  retropharyngeal  abscess. 

III.  Abdominal  Diseases — such  as  puerperal  peritonitis,  a  very 
frequent  cause,  having  been  associated  with  eleven  of  Netter's  cases; 
also  the  various  subphrenic  suppurations,  as,  for  example,  of  the  liver. 

IV.  Infectious  Diseases. — Scarlet  fever,  diphtheria,  erysipelas,  and 
'puerperal  fever. 

Still  another  possible  source  of  streptococcus  empyema  is  trauma; 
as,  for  example,  aspiration,  a  cause  which  was  undoubtedly  much 
more  frequent  in  former  times  when  aseptic  precautions  were  never 
observed. 

In  twelve  of  Netter's  cases  the  empyema  seemed  to  be  primary. 
Natter,  however,  thinks  that  in  many  if  not  all  of  these  there  was 
some  antecedent  lesion  of  the  lung. 

Tlie  Pneumococcus  of  Fraenkel. — The  pneumococcus  may  give  rise 
to  either  primary  or  secondary  forms  of  empyema.  The  latter  are 
associated  with  pneumonia,  and  are  usually  termed  metapneumonic. 
The  primary  form  was  first  described  by  Netter  in  1887,  and  has 
since  come  to  be  generally  recognized.  In  what  way  the  pneumo- 
coccus gains  entrance  to  the  pleura  must  remain  a  matter  of  conjec- 
ture. Netter  thinks  it  quite  possible  that  it  may  penetrate  the  w^alls 
of  the  pulmonary  alveoli  without  necessarily  causing  a  pneumonia. 
It  might  also  be  carried  by  the  blood. 

The  relative  frequency  of  this  form  may  be  estimated  from  the 
following :  Netter,  in  a  total  of  156  cases  of  all  forms  of  empyema, 
found  the  pneumococcus  in  53,  or  a  little  more  than  a  third.  Levy, 
among  17  cases  examined,  found  the  pneumococcus  in  9.  Prudden 
found  it  9  times  in  24  cases. 

These  figures,  however,  represent  the  relative  frequency  of  this 
form  at  all  ages.  If,  now,  we  consider  its  occurrence  in  children  and 
adults  separately,  it  will  at  once  appear  that  in  the  former  an  empy- 
ema is  much  more  likely  to  be  pneumococcal  than  in  adults.  Netter 
observed  127  cases  in  adults  alone;  of  these,  32,  or  about  25  per  cent., 
were  pneumococcal ;  on  the  other  hand,  in  29  cases  of  children  alone, 
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the  pneumococcus  was  found  in  no  less  than  21,  or  nearly  75  per 
cent,  of  the  whole  number.  Koplik  reports  12  cases  of  emi>yema, 
presumably  in  childi'en;  the  pneumococcus  was  present  in  7. 

This  form  is,  therefore,  about  three  times  as  frequent  in  children 
as  in  adults.  From  an  analysis  of  two  hundred  and  eighty-six  cases 
of  metapneumonic  empyema  made  by  Netter,  it  appears  to  be  most 
frequent  in  the  first  decennium,  about  a  third  less  frequent  in  the 
second  and  third,  and  extremely  rare  after  the  fifth. 

As  to  the  relative  frequency  of  the  primary  and  secondary  forms, 
further  statistics  must  be  awaited.  At  present  we  have  only  those  of 
Netter,  who,  in  53  pneumococcal  cases  at  all  ages,  obtained  e\ddence 
of  an  antecedent  pneumonia  in  only  19.  But  it  is  to  be  remem- 
bered that  21  of  these  cases  were  in  children,  in  whom  a  pneumonia 
may  readily  escape  observation ;  and  it  is  probable,  as  Xetter  says, 
that  the  great  majority  of  pneumococcal  empyemas  are  of  secondary 
origin. 

The  Bacillus  Tuberculosis. — Fewer  cases  of  empyema  are  tubercu- 
lous than  would  be  anticipated.  Attention  has  already  been  called 
to  the  surprising  fact  which  bacteriology  has  recently  brought  to 
light,  that  the  great  majority  of  all  tuberculous  pleurisies  are  sero- 
fibrinous. The  following  data  may  be  given  as  to  the  frequency  of 
the  jjui-ulent  form :  In  Netter's  156  cases,  only  15  were  tuberculous,  or 
about  10  per  cent. ;  from  12  of  these  15  cases,  inoculation  was  made 
with  positive  result  in  each  case ;  microscopically,  however,  bacilli 
were  found  in  only  5  of  13  thus  examined,  the  others  containing  either 
the  staphylococcus  or  no  bacteria  whatever.  It  appears,  therefore, 
that  while  a  positive  diagnosis  can  be  made  only  by  inoculation,  a 
microscopical  examination  wiU  afford  valuable  evidence,  either  by 
demonstrating  the  Koch  bacillus  or  by  proving  entirely  negative. 
Other  observers  have  examined  only  by  culture  and  the  microscope. 
For  example:  Prudden,  in  24  cases,  found  the  tubercle  bacillus 
in  1  only ;  Ehrlich,  in  19  cases,  found  the  bacillus  in  7,  an  unusu- 
ally large  proportion;  Koplik,  in  12  cases  in  children,  found  the 
bacillus  in  1;  L.  Ferdinand,  12  cases,  bacillus  in  2;  Levy,  54 
cases,  no  bacilli. 

Levy,  Ferdinand,  and  Ziemssen  all  agree  -^dth  Netter  that  the 
absence  of  all  germs  on  microscopical  and  culture  examination  points 
to  tuberculosis. 

Other  rnicro-orgoMisms  are  comparatively  infrequent.  The  staphy- 
lococcus pyogenes  is,  perhaps,  the  least  so  and  particularly  in  associ- 
ation vnih  other  bacterial  forms  it  is  not  so  rarely  encountered. 
Prudden  met  with  1  case  in  24 ;  Grawitz  with  2  in  48  effusions  of 
both  forms;  Koplik,  1  case  in  12;  Levy,  7  cases  in  17;  Xetter,  6 
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cases  in  156 — all  of  tliese  6  were  pure  cultures;  in  15  others  tlie 
staphylococcus  was  also  present,  but  mixed  with  other  forms. 

The  sources  of  staphylococcus  invasion  in  pure  culture  are,  ac- 
cording to  Netter:  1.  Introduction  of  a  foreign  body  into  the  pleura, 
the  latter  being  either  previously  normal  or  already  containing  some 
form  of  effusion;  2.  Other  staphylococcal  foci  elsewhere  in  the  body. 

Thus,  of  Levy's  7  cases,  1  was  consequent  upon  a  wound  of  the 
pleura,  4  upon  other  foci  of  suppuration,  and  2  upon  bronchopneu- 
monia. Kosenbach's  1  case  followed  a  bullet  wound.  Of  3  cases 
observed  by  Huguenin,  1  followed  a  suppurative  angina,  and  2  were 
from  anthrax.  Of  Netter's  6  cases  one  each  followed  ulcerative  en- 
docarditis, pyaemia,  and  aspiration ;  in  the  other  3  the  cause  was  un- 
known. 

In  the  mixed  forms  the  staphylococcus  plays  a  secondary  role, 
and  its  associate  nearly  always  determines  the  character  of  the  sup- ' 
puration. 

The  Ehertli  bacillus  of  typhoid  fever  has  been  found  in  empyema  by 
Weintraud ;  also  by  Loriga  and  Pensuti.  In  both  of  these  cases  the 
bacillus  was  present  in  pure  culture;  one — Weintraud 's — recovered 
without  intervention,  the  other  after  operation.  The  serofibrinous 
form  of  pleurisy  is  much  more  common  after  typhoid  than  the  puru- 
lent, the  proportion  in  Ehrlich's  six  cases  being  five  to  one;  in  this 
one  case  the  staphylococcus  alone  was  found. 

The  encapsulated  bacillus  of  Friedldnder  has  been  met  with  twice : 
once  by  Letulle,  and  once  in  pure  culture  by  Netter. 

Finally,  the  so-called  saprogenic  microbes  are  invariably  found  in 
all  cases  of  putrid  empyema.  These  germs  are  constantly  present 
in  the  mouth  and  digestive  tract;  and  Netter  has  succeeded  in 
producing  a  putrid  empyema  by  the  introduction  of  saliva  into  the 
healthy  pleural  cavity.  It  may,  therefore,  be  considered  established 
that  all  cases  of  gangrenous  pleurisy  are  produced  by  the  invasion  of 
these  organisms.  Netter  cites  the  following  varieties  as  present,  being 
found  either  in  pure  culture  or  greatly  predominating,  in  twenty  cases 
of  putrid  empyema  which  he  examined :  The  bacillus  found  by  Lofiler 
in  diphtheria  of  the  calf,  the  spirochsete  denticola,  the  bacterium 
coli  commune,  and  the  leptothrix,  besides  also  numerous  other  forms. 

The  pathological  conditions  in  which  such  invasion  is  possible  are 
mostly  destructive  or  ulcerative  processes  in  the  lung  or  gastrointes- 
tinal canal.  They  either  may  give  rise  to  a  pleurisy  which  is  putrid 
from  the  outset,  or  an  existent  serofibrinous  or  purulent  effusion 
may  subsequently  become  infected.  Netter  considers  the  former  by 
far  the  more  common.     Such  destructive  processes  are : 

Pulmonary. — Most  important  among  these  is  'pulmonary  gangrene, 
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especially  the  ligliter  forms  of  cortical  gangrene,  which  not  iufre- 
(luently  result  from  bronchopneumonia.  Most  putrid  empyemas 
have  this  origin.  Less  frequent  causes  are  bronckieciasis,  which  al- 
ways contains  these  germs  of  decomposition ;  also  pJithisical  cavities, 
hydatids,  and  cancer. 

Gastrointestinal. — Among  these  may  be  mentioned  cancer  and 
stncture  of  the  oesophagus ;  retropharyngeal  phlegmons,  which  advance 
along  the  mediastinum ;  cd>scesses  of  the  abdominal  cavity  or  viscera ; 
and  idcer  or  cancer  of  the  stomach. 

Often  the  original  lesion  cannot  be  determined,  and  it  is  probable 
that  in  the  majority  of  such  instances  the  air  passages  are  the  chan- 
nels of  invasion. 

Such  are  the  etiological  factors  now  universally  recognized  as  es- 
sential to  the  production  of  empyema.  Without  microbic  invasion 
no  form  of  pleural  suppuration  is  possible.  The  relative  frequency 
of  the  different  varieties  may  be  summed  up  as  follows :  In  adults,  50 
per  cent,  of  all  cases  are  streptococcal,  25  per  cent,  are  pneumococcal, 
and  the  other  25  per  cent,  are  divided  among  several  forms,  of  which 
the  tuberculous  is  relatively  most  common.  In  children,  the  pneumo- 
coccus  causes  at  least  60  per  cent.,  possibly  75  per  cent.,  of  all  cases; 
most  of  the  remainder  are  streptococcal  or  staphylococcal,  both  tuber- 
culosis and  putridity  being  rare. 

Pathological  Anatomy. 

Purulent  pleurisy  may  be  such  from  the  very  outset,  or,  as  is 
probably  a  much  more  common  occurrence,  an  effusion  which  is  at 
first  serofibrinous  gradually  changes  to  pus.  In  reference  to  most  of 
the  pathological  changes  in  empyema  we  have  only  to  refer  to  what 
has  been  said  on  simple  effusion.  The  early  appearances  in  the 
pleura  are  the  same,  as  are  also  the  mechanical  effect  of  the  effusion 
upon  the  lung  and  neighboring  organs.  The  depression  of  the  dia- 
phragm is,  however,  apt  to  be  more  pronounced  in  empyema;  and 
it  is  here  that  the  extreme  cases,  in  which  the  diaphragm  protrudes  in 
the  hypochondrium  as  a  fluctuating  tumor,  are  usually  encountered. 
This  is  partly  due  to  the  greater  weight  of  pus,  and  probably  also  in 
part  to  a  greater  degeneration  of  the  diaphragmatic  muscles;  the 
same  may  be  said  of  the  intercostals,  an  early  obliteration  or  protru- 
sion of  the  intercostal  spaces  being  much  more  common  in  empyema 
than  in  the  serofibrinous  form. 

In  most  cases  of  empyema  the  pleural  walls  are  covered  to  a  vary- 
ing depth  with  a  fibrinous  deposit.  This  may  be  yellowish  or  gray- 
ish-white, or,  in  putrid  empyemsi,  green  or  even  brown.     Sometimes 
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in  fresli  cases  the  pleurae  are  found  perfectly  smootli  and  glistening, 
as  if  but  little  altered.  In  other  cases  of  considerable  duration  the 
new  membrane  lias  a  granulating  surface,  wliicli  may  also  be  either 
clean  or  covered  with  false  membrane. 

In  tuherculous  empyema  the  pathological  lesions  vary  with  the  du- 
ration of  the  process.  Osier  describes  a  rare  form,  of  acute  onset 
and  course,  in  which  a  condition  of  extensive  ulceration  of  the  pleural 
walls  may  arise  in  the  course  of  a  very  few  weeks.  Usually  the  proc- 
ess is  exti'emely  chronic.  The  X-)leura  is  then  found  greatly  thickened, 
especially  the  parietal,  where  the  lesions  are  usually  most  advanced. 
Its  surface  is  uneven  and  presents  numerous  depressions,  resembling 
ulcers  partly  tilled  with  cheesy  material.  On  section,  the  cut  surface 
presents  numerous  small  grayish  or  yellowish  spots  which  prove  to 
be  tuberculous  granulations.  The  whole  pleural  wall  resembles  that 
of  a  cold  abscess. 

In  punilent  pleurisy,  especially,  the  lymphatics  of  the  pleura  are 
often  found  engorged  with  pus,  as  well  also  as  those  of  the  interlobu- 
lar pulmonary  septa.  In  this  way  the  suppurative  process  may  in- 
vade the  lung,  and  the  pus  finally  escape  through  a  bronchus.  More 
commonly,  however,  the  mode  of  spontaneous  evacuation  is  a  differ- 
ent one.  The  pus  exercises  a  sort  of  corroding  action  upon  the 
pleura,  usually  in  certain  limited  areas,  involving  either  the  costal 
or  pulmonary  layer.  In  the  former  case,  there  may  be  a  resulting  per- 
foration of  an  intercostal  space— the  so-called  "  empyema  necessitatis. " 
Oftener  it  is  the  pulmonary  pleura  which  is  eroded,  and  the  pus  is 
then  forced  by  the  expiratory  pressure  of  cough  through  the  pulmo- 
nary alveoli  into  the  bronchial  tubes ;  while,  owing  to  the  very  slight 
degree  of  inspiratory  expansion,  the  air  within  the  lung  is  unable, 
so  to  speak,  to  stem  the  tide  of  pus  and  gain  entrance  to  the  pleural 
cavity.  This  explanation  of  Traube  is  now  generally  admitted  to  ac- 
count for  the  fact  that  the  rupture  of  an  empyema  into  the  lung  is  not 
usually  followed  by  pneumothorax. 

In  rare  cases  the  suppurative  lymphangitis  above  referred  to  may 
be  so  extensive  that  the  whole  lung  is  involved  in  a  condition  of  pur- 
ulent softening ;  the  larger  bronchi  alone  resist  the  suppurative  proc- 
ess, and  present  a  peculiar  appearance  as  they  float  out  into  the  sur- 
rounding pus. 

Besides  the  lung  and  external  chest  wall,  other  organs  may  be  in- 
vaded by  the  pus  of  an  empyema.  It  may  rupture  into  the  oesopha- 
gus, or  very  rarely  into  the  pericardium ;  or  it  may  gain  entrance  to 
the  mediastinum,  and  thence  to  the  pleura  of  the  opposite  side.  In 
other  cases  the  pus  finds  its  way  through  the  diaphragm,  either 
directly  or  along  the  psoas  muscle.     In  the  former  event  it  may  pro- 
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duce  a  subphrenic  abscess,  or  open  into  the  free  abdominal  cavity,  or 
result  in  a  large  retroperitoneal  abscess,  as  in  a  case  observed  by 
Leydeu,  in  which  the  abscess  eventually  pointed  at  the  umbilicus. 
Along  the  psoas  the  pus  may  sink  to  the  loin,  or  to  below  Poupart's 
ligament,  or  may  even,  as  reported  in  one  case,  appear  in  the  popli- 
teal space.  All  of  these  occurrences  are  especially  rare  at  the  present 
time,  when  most  empyemas  are  recognized  early  and  operated  upon 
Avithout  delay. 

The  character  of  the  pus  in  empyema  is  varied.  In  consistence  it 
may  be  scarcelj^  more  than  an  opaque  serum  or  so  thick  and  viscid 
that  it  can  hardlj-  be  poured  from  a  glass.  Very  often  its  lower  lay- 
ers are  thick  and  purulent,  while  above  it  is  quite  transparent.  Its 
color  may  be  creamy,  or  more  grayish,  or  a  light  shade  of  green,  or 
more  or  less  pink  or  red  from  the  presence  of  blood ;  if  putrid,  it  may 
be  a  dirty  brown.  The  odor  is  usually  sweetish  and  not  disagreeable, 
but  in  putrid  cases  it  may  be  exceedingly  offensive  and  so  penetrat- 
ing that  a  whole  ward  will  soon  become  infested.  Microscopically  it 
contains,  besides  leucocytes,  a  varying  number  of  red  blood  corpus- 
cles, fatt}^  degenerated  epithelium,  cholesterin  crystals,  and  free  fat 
globules ;  the  latter  may  be  present  in  great  quantitj-,  and  produce 
the  so-called  chylous  forms  hereafter  to  be  described.  Eichhorst  and 
Grawitz  have  both  encountered  Charcot's  crystals,  which  resemble 
closely  the  spermatic  crystals  of  Boettscher.  Grawitz  thinks  their 
presence  in  effusion  should  always  suggest  the  possibility  of  its  con- 
nection with  hydatids,  in  which  these  crystals  have  hitherto  been 
most  frequently  found. 

A  very  interesting  problem  connected  with  empyema  is  as  to  the 
origin  of  the  pus.  It  is  usually  thought  to  be  a  simple  emigra- 
tion of  white  corpuscles  from  the  pleural  capillaries ;  but  Fraentzel 
pertinently  remarks  that  the  quantity  which  may  be  very  rapidly 
produced  in  the  pleural  cavity  greatly  exceeds  the  total  number  of 
leucocytes  in  the  whole  bod3\  Fraentzel,  therefore,  adopts  the  the- 
ory of  a  rapid  cell  division  in  the  exudate  itself.  Schleiffarth  holds 
that  the  pus  is  due  to  a  rapid  breaking  down — a  "  f onte  purulente" — 
of  the  connective  tissue  of  the  deeper  pleural  laj-er.  The  question 
still  remains  undecided. 

In  empyema  of  long  standing,  certain  changes  take  place  in  the 
ribs  and  in  the  general  conformation  of  the  thorax.  Helferich  finds 
that  the  ribs  may  become  much  thickened,  especially  in  the  axillary 
region,  so  as  to  present  a  triangular  shape  on  cross  section.  Again, 
it  is  in  these  cases  that  extreme  thoracic  deformity  is  oftenest  encoun- 
tered; the  ribs  sink  in  to  aid  the  mediastinum  and  diaphragm  in  fill- 
ing the  space  formerly  occupied  b}'  the  lung.     The  pleura  becomes 
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in  time  greatly  thickened,  and  its  cicatricial  contraction  also  aids 
much  in  finally  closing  the  suppurating  cavity. 

•     Symptoms. 

Empyema  may  be  of  acute  and  violent  onset ;  or  it  may  be  sub- 
acute, sometimes  developing  out  of  the  serofibrinous  form;  or  its 
course  from  the  very  beginning  may  be  latent  and  chronic. 

Acute  empyema  is  occasionally  primary,  and  may  be  purulent 
from  the  first ;  of tener  it  only  appears  to  be  primary  because  no  rec- 
ognizable affection  has  preceded.  There  is  usually  an  initial  rig- 
or, vtdth  cough,  dyspnoea,  and  pain  in  the  side,  as  in  the  serofibrin- 
ous form.  These  symptoms,  together  with  the  fever,  vary  much  in 
severity,  and  in  perhaps  the  majority  of  cases — such,  for  example,  as 
follow  pneumonia — there  is  at  first  nothing  to  suggest  that  the  effu- 
sion is  purulent.  A  graver  form  has  been  described  by  Fraentzel  as 
pleuritis  acutissima,  in  which  both  rigor  and  pain  are  .unusually  se- 
vere, and  pus  gathers  with  great  rapidity,  so  that  early  dyspnoea  may 
be  extreme.  Constitutional  symptoms  are  very  prominent ;  the  ini- 
tial temperature  continues  high,  repeated  rigors  are  frequent,  the 
tongue  soon  becomes  broT\Ti  and  dry,  and  there  is  rapid  loss  of 
strength  wdth  emaciation.  The  sensorium  is  clouded,  there  is  often 
delirium,  and  the  whole  condition  is  markedly  typhoidal.  In  the 
more  fulminant  forms  death  may  occur  in  the  first  week.  These 
cases  of  pleuritis  acutissima  are  rare. 

The  second  or  subacute  form  of  empyema  is  more  common.  Some 
pain,  dyspnoea,  and  cough  call  attention  to  the  chest,  if  this  has  not 
already  been  done  by  the  primary  disease.  Fever  is  moderate,  and 
there  is  at  the  outset  nothing  to  arouse  suspicion  of  anything  be- 
yond the  usual  serofibrinous  form.  The  behavior  of  the  tempera- 
ture first  suggests  the  possibility  of  pus;  instead  of  falling  to 
normal  at  the  end  of  a  week  or  ten  days,  it  persists,  or  it  again  be- 
gins to  rise.  The  morning  temperature  may  be  nearly  normal,  but 
every  evening  it  again  reaches  a  height  of  102-103°  F.,  and  soon 
a  regular  hectic  becomes  established,  which  differs  materially  from 
the  slight  fever  with  marked  intermissions  which  may  persist 
throughout  the  course  of  a  simple  serous  effusion.  Sometimes  the 
evening  exacerbation  is  ushered  in  with  chills  or  chilly  sensations, 
rarely  with  rigors.  With  the  development  of  hectic  fever,  the  general 
condition  begins,  as  a  rule,  to  present  marked  signs  of  septic  absorp- 
tion. The  face  becomes  pale  and  often  of  a  slightly  puffy  appear- 
ance. Night  sweats  are  not  infrequent.  The  appetite  is  lost  and 
there  are  progressive  emaciation  and  weakness.     Dyspnoea  often  in- 
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creases  out  of  proportion  to  the  growth  of  the  exudate,  being  largely 
due  to  the  cardiac  asthenia  which  is  indicated  by  the  rapid  and  feeble 
pulse.  Not  infrequently  there  is  slight  oedema  about  the  ankles,  and 
in  the  course  of  time  the  fingers  may  become  decidedly  clubbed. 

At  the  present  time  these  cases  are  usually  recognized  long  be- 
fore most  of  the  above  symptoms  have  appeared,  and  submitted  to 
operation.  If  not,  recovery  is  still  possible  by  spontaneous  evacua- 
tion, or,  in  the  rarest  of  instances,  by  fatty  degeneration  and  subse- 
quent reabsorption  of  the  pus.  Evacuation  may  occur  through  the 
lungs— ^ the  so-called  vomica — or  through  an  intercostal  space;  or, 
less  frequentl}^  in  other  situations,  such  as  the  lumbar  region  or 
groin  (see  Pathology).  Of  these  possibilities,  vomica  is  the  most 
common  and  also  the  most  favorable.  The  pus  may  suddenly  escape 
by  the  mouth  in  large  quantity,  or  its  entrance  into  the  lung  may  be 
more  gradual  and  it  may  be  coughed  up  in  smaller  quantities,  like 
phthisical  sputum.  Pneumothorax  may  follow  the  development  of 
vomica,  but  this  is  not  the  rule.  Evacuation  through  an  intercostal 
space — usually  called  empyema  necessitatis — is  less  frequent  and  less 
favorable.  It  occurs  oftenest  in  the  fifth  space,  just  outside  the  nip- 
ple (Marshall),  but  it  may  select  almost  any  region  of  the  thorax. 
In  children  the  second  interspace  in  front  is  said  to  be  common; 
and  it  has  even  occurred  at  the  posterior  base  close  to  the  spine. 
At  first  a  slight  bulging  appears,  which  increases  in  size,  fluctuates, 
but  rarely  pulsates,  and  finally,  after  becoming  purjjle  and  glazed  at 
the  summit,  opens  and  gives  exit  to  a  large  quantity  of  pus.  This  may 
end  in  recovery,  but  usually  drainage  is  imperfect,  fever  and  emacia- 
tion continue,  and  eventually  the  ijatient  succumbs  to  progressive 
exhaustion,  the  last  stages  being  often  attended  with  oedema  of  the 
lower  extremities  and  sometimes  with  colliquative  diarrhoea.  The 
appearance  of  such  a  patient  is  very  similar  to  that  of  a  victim  of  pul- 
monary phthisis.  If  life  is  sufficiently  prolonged,  albuminuria  and 
an  enlarged  liver  may  indicate  the  development  of  amyloid  degenera- 
tion. 

Finally,  certain  forms  of  empyema  are  wholly  latent  from  the  very 
onset.  Those  which  are  secondary  to  other  grave  afi'ections,  or  oc- 
cur in  already  debilitated  subjects,  need  not  here  delay  us.  Of  more 
importance  are  the  latent  forms  occasionally  met  with  after  pneumo- 
nia, or  even  when  the  streptococcus  proves  to  be  the  agent  of  infec- 
tion. The  only  explanation  of  these  exceptional  cases  is  a  presumable 
difference  in  the  virulence  of  these  microbes  under  varying  conditions. 
The  most  characteristic  form  of  chronic  empyema  is  the  tuberculous. 
A  genuine  tuberculous  empyema,  one  dependent  upon  a  tuberculosis 
of  the  pleura  and  not  merely  occurring  in  a  tuberculous  subject,  is 
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quite  likely  to  develop  in  sncli  a  way  that  for  a  long  time  the  patient 
is  unconscious  of  any  thoracic  disease.  Fever  may  be  insignificant 
or  entirely  wanting,  and  the  general  nutrition  but  little  impaired. 
This  form  has  been  called  "  empyema  benignum, "  and  is  not  incompati- 
ble with  a  fair  condition  of  health  for  many  years;  on  the  other 
hand,  it  is  a  form  from  which  the  patient  rarely  recovers  and  to 
which  he  eventually  succumbs.  It  will  be  again  referred  to  under 
the  symptomatology  of  the  special  forms. 

Physical  Signs. 

An  empyema  does  not  present,  in  general,  any  characteristic 
physical  signs  which  distinguish  it  from  the  serofibrinous  form.  It 
gives  rise  to  the  same  phenomena  of  auscultation  and  percussion,  pro- 
ducing precisely  the  same  cuiwe  of  flatness  and  the  same  displacement 
of  organs.  It  is  only  the  whispered  voice  which,  as  was  first  pointed 
out  by  Baccelli,  frequently  differs  in  the  two  affections;  in  sero- 
fibrinous eft'usions  it  is  often  transmitted  to  the  ear  with  a  distinctness 
which  is  seldom  found  in  empyema.  The  sign  is  not,  however,  con- 
stant. 

CEdema  of  the  chest  wall  is  a  more  valuable  index  of  pus.  While 
it  may  also  result  from  a  simple  serofibrinous  pleurisy,  such  in- 
stances are  sufficiently  rare  to  give  the  sign  a  more  or  less  pathogno- 
monic character  as  evidence  of  empyema.  It  may  either  involve 
the  whole  affected  side  or  be  limited  to  a  certain  area,  and  it  may 
vary  much  in  degree.  It  is  undoubtedly  inflammatory  in  character, 
and  is  not  to  be  confounded  with  the  simple  oedema  often  found, 
in  cases  of  more  or  less  general  dropsy,  on  the  side  upon  which 
the  patient  habitually  lies.  Unfortunately,  this  inflammatory  oedema 
is  of  exceptional  occurrence,  and  its  absence  has  absolutely  no  diag- 
nostic value. 

Sirinptoms  of  Sjjccial  I^orms. 

St'j'ejJtococci'S  erivpyema  is,  perhaps,  of  all  varieties  the  one  which 
oftenest  has  an  acute  onset  and  course  (Yignalo,  Netter).  It  is 
then  characterized,  according  to  general  observation,  by  a  fever 
which  presents  great  oscillations  in  its  daily  coui'se.  The  constitu- 
tional condition  is  often  typhoidal;  there  are  rapid  emaciation, 
a  brown  tongue,  and  a  tendency  to  sopor  and  delirium ;  it  is  here  that 
many  of  the  cases  already  referred  to  as  pleuritis  acutissima  belong. 
Still  there  is  no  constant  type,  and  the  course  of  the  disease  may  be 
comparatively  mild  and  accompanied  by  a  continued  fever,  or  it  may 
be  wholly  latent.  The  form  may  be  purulent  fi'om  the  beginning; 
more  frequently  it  begins  as  a  serofibrinous  pleurisy,  the  efi'usion 
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of  which  gradually  changes  to  pus.  This  purulent  change  may  be 
observed  in  the  product  of  successive  exi^loratory  punctures ;  the  fluid 
may  be  at  first  simply'  opa(j[ue,  then  seroi^urulent,  and  finally  ijuru- 
lent.  The  pus  is  of  a  yellowish  color,  and  separates  on  standing 
into  a  layer  of  opaque  serum  above  and  a  moderately  deep  purulent 
deposit  below.  This  separation  may  also  take  place  in  the  chest 
itself,  and  exploratory  puncture  may  thus  prove  deceptive. 

Tlte  Fnemnococcus  Fcn^m. — Whether  secondary  to  X)neumonia  or  an 
apparently  primary  affection,  this  form  may  vary  greatly  in  the  acute- 
ness  of  its  early  manifestations.  In  the  majority  of  cases— sixty- 
three  i)er  cent. ,  according  to  Netter — its  onset  is  attended  with  fever, 
pain  in  the  side,  dyspnoea,  and  possibly  a  chill.  Certain  cases  are 
quite  suggestive  of  pneumonia ;  an  initial  rigor  is  followed  by  cough, 
pain,  dyspnoea,  and  even  herpes,  as  in  three  primary  cases  observed 
by  Washbourne  and  one  by  White.  As  a  sequel  of  pneumonia,  em- 
pyema is  perhaps  most  apt  to  appear  in  the  second  month,  with  re- 
newal of  acute  febrile  symptoms  after  those  of  the  primary  affec- 
tion have  entirely  disappeared.  It  may,  however,  begin  during  the 
height  of  the  disease ;  or,  according  to  Netter,  its  development  may 
be  indefinitely  retarded.  In  still  other  instances  of  both  primary  and 
secondary  forms,  the  purulent  collection  may  develop  absolutely  wdth- 
out  pain  or  any  constitutional  disturbance  other  than  weakness  and 
anaemia.  Kenvers  reports  two  cases,  in  one  of  which  an  afebrile  in- 
terval of  seven  days  followed  a  i)neumonia,  and  two  days  later  a  fully 
developed  purulent  effusion  was  discovered ;  in  the  second,  a  pneu- 
monia was  immediately  followed  by  empyema,  but  for  seventeen 
days  the  temperature  remained  normal.  The  form  has,  therefore,  no 
typical  course,  and  its  recognition  must  not  be  allowed  to  depend  on 
the  degree  of  constitutional  disturbance.  - 

Pneumococcal  empyema  seems  to  be  rarely  accompanied  by  oede- 
ma of  the  affected  side.  On  the  other  hand,  spontaneous  evacuation, 
by  vomica  or  through  an  intercostal  space,  is  relatively  frequent.  No 
less  than  forty-one  per  cent,  of  Netter 's  cases  were  evacuated  by  vom- 
ica; and  the  experience  of  Gerhardt,  Maziotti,  and  others  has  been 
similar. 

The  most  essential  peculiarity  of  this  form  from  a  clinical  point 
of  view  is  the  character  of  the  pus.  In  the  first  place,  it  is  rich 
in  cellular  elements,  the  pus  honum  et  landahile  of  the  older  writ- 
ers. It  is  also  apt  to  be  extremely  viscid,  so  that  it  can  be  poured 
from  a  glass  only  with  some  difficult3^  Finally,  it  often  has  a  decid- 
edly greenish  tint,  likened  by  Netter  to  that  of  puree  of  peas.  How- 
ever, all  of  these  peculiarities  may  be  lacking,  and  their  diagnostic 
value  is  merely  suggestive. 
Vol.  Vli.— 4 
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The  exti'emely  benignant  character  of  this  form  of  empyema,  as 
first  emphasized  by  Leyden  in  1885,  and  later  by  Netter,  will  be  fre- 
quently referred  to  under  prognosis  and  treatment. 

Tuberculous  ErnpyeriKi. — It  is  stated  by  Osier  that  there  is  a  form 
of  tuberculous  empyema  •which  is  of  very  acute  onset  and  course ;  such 
cases,  usually  fatal,  are  said  to  present  most  extensive  ulceration 
throughout  the  whole  pleural  cavity.  The  form  is  admitted  by  Osier 
to  be  very  rare. 

The  characteristic  course  of  tuberculous  empyema  is  chronic 
and  almost  wholly  latent.  It  may,  it  is  true,  begin  as  a  more  or 
less  acute  serofibrinous  pleurisy,  but  in  many  cases  its  develop- 
ment is  unnoticed.  The  patient  seeks  advice  if  at  all  because  of 
some  weakness  and  loss  of  flesh,  or  perhaps  on  account  of  moderate 
dyspncea.  Fever  may  be  insignificant  or  entirely  lacking.  Accord- 
ing to  Xetter  the  lungs  are  not,  as  a  rule,  primarily  involved ;  and 
the  fact  that  the  parietal  pleura  generally  shows  the  most  advanced 
tuberculous  lesions  also  indicates  that  these  empyemas  are  not  usually 
of  j)ulmonary  origin.  The  subsequent  coirrse  of  these  cases  varies. 
In  some,  pulmonary  tuberculosis  soon  follows  with  its  usual  termina- 
tion; others  gradually  succumb  to  the  constitutional  eftect  of  the 
pleural  disease.  It  is,  however,  remarkable  how  slow  this  may  be 
in  some  cases;  such  an  empyema  is  not  incompatible  vith  a  fair  de- 
gree of  health  for  even  several  years. 

The  pus  of  tuberculous  empyema  is  like  that  of  any  cold  abscess ; 
it  is  thin,  seropuiiilent,  of  a  grayish  tint  rather  than  creamy,  and 
on  standing  deposits  a  powdery  sediment.  It  is  not  infrequently 
slightly  hemorrhagic.  Microscopically  it  is  nearly  always  rich  in 
fat  globules,  and  these  may  at  times  be  present  in  such  quantity  that 
the  appearance  of  the  fluid  is  distinctly  chylous  (see  Chylous 
Pleurisy). 

Fi'f'/'id  Errqiyema. — This  form  has  no  onset  or  course  joeculiar 
to  itself.  Often  acute  and  even  violent,  it  may,  on  the  other  hand, 
be  of  only  moderate  severity,  or  even  quite  latent.  In  the  acute 
cases  certain  symptoms  may  be  unusually  jjrominent.  Pain  in 
the  side  is  said  to  be  often  of  very  great  severity  and  persistence. 
The  temperatiu'e  is  apt  to  be  high,  and  to  show  marked  morning  re- 
missions. A  general  typhoid  condition  is  a  still  more  characteristic 
feature  of  some  cases;  the  tongme  soon  becomes  brown  and  fissur-ed, 
the  skin  is  hot  and  dry,  the  sensorium  is  clouded  with  a  tendency  to 
delirium,  and  the  general  nutrition  becomes  rapidly  and  seriously 
impaired.  In  the  less  acute  forms  there  is,  as  a  rule,  nothing  in  the 
symptoms  and  course  to  suggest  ptitridity.  Sometimes  the  expecto- 
ration does  become  fetid  even  when  there  is  as  vet  no  communication 
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between  the  lung  and  the  pleural  cavity ;  if  the  latter  occurs,  the  spu- 
tum will,  of  course,  be  considerable  in  quantity  and  intensely  putrid. 
Pneumothorax  is  a  not  uncommon  complication  of  putrid  empyema, 
and  may  have  been  the  primary  affection. 

The  pus  withdrawn  on  aspiration  has  sometimes  the  odor  of  animal 
decomposition,  sometimes  that  of  rotten  eggs.  Its  color  may  present 
nothing  peculiar,  or  it  may  be  of  varying  shades  of  brown.  The 
])us  is  by  no  means  always  thick  and  creamy ;  it  tends  rather  to  be 
of  seropurulent  consistence,  and  here  also,  as  in  the  sti'eptococcus 
form,  there  may  be  an  intrapleural  separation  into  a  cloud}^  layer 
above  and  a  i)urulent  deposit  below — a  condition  which  might  create 
some  confusion  on  simple  exploratory  puncture.''' 

Vaeieties  of  Pleurisy. 

Hemorrhagic  Pleurisy. 

The  term  hemorrhagic  pleurisy  is  properlj^  applied  only  to  those 
cases  in  which  the  exudation  contains  a  very  considerable  quantity  of 
red  blood  corpuscles,  and  has  a  color  varying  from  a  decided  pink  or  a 
cherry  red  to  a  reddish  or  even  dark  bro-^n.  Still,  a  smaller  amount 
of  blood  is  apparently  not  without  significance.  Grawitz,  in  48  mi- 
croscopical examinations  of  pleuritic  effusions,  found  red  blood  cor- 
puscles (quantity  not  stated)  in  only  10 ;  8  of  these  were  in  tubercu- 
lous subjects,  1  was  in  a  case  of  leukaemia,  and  1  in  a  case  of  pulmo- 
nary cancer.  It  would  appear  from  these  observations  that  the  usual 
statement  is  not  correct,  according  to  which  all  serous  effusions  con- 
tain red  blood  corpuscles ;  and  they  would  also  suggest  that  the  pres- 
ence of  blood,  even  microscopically,  is  strong  evidence  of  tubercu- 
losis. Dieulafoy  has  shown  that  five  to  six  thousand  red  discs  to  the 
cubic  millimetre  must  be  present  in  order  to  impart  the  faintest  rose 
color  to  an  effusion. 

Frankly  hemorrhagic  effusions  may  be  met  with  in  the  following 
conditions : 

Pleural  and  Pleuropulmonary  Cancer. — Effusions  from  this  cause 

*  In  the  foregoing  description  of  the  various  etiological  forms  of  empyema,  I 
have  followed  very  closely  that  of  Netter.  Such  generalizations  are  possible  only 
when  the  material  at  hand  is  large,  and  a  bacteriological  examination  is  made  in 
every  case  ;  and  up  to  the  present  time  it  seems  that  Xetter  alone  has  made  a  careful 
comparison,  in  a  large  series  of  cases,  between  the  bacteriological  and  cliuical  fea- 
tures of  empyema.  While,  therefore,  the  whole  subject  must  still  be  regarded  as  in 
its  primary  stage,  many  of  Netter's  observations  have  been  already  confirmed  ;  and 
I  have  considered  them  of  sufHcient  practical  value  and  suggestiveness  to  warrant 
an  extended  reproduction  in  this  volume. 
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are  liemorrliagic  only  when  the  process  is  more  or  less  destructive. 
The  quantity  of  blood  is  then  likely  to  be  very  considerable,  and  it  is 
here  that  the  deeper  tones  of  red  are  seen.  The  subject  will  again  be 
referred  to  in  the  section  on  Malignant  Growths. 

Pleural  Tuberculosis. — In  this  form  the  proportion  of  blood  is  gen- 
erally much  less,  and  the  effusion  is  not,  as  a  rule,  deeply  colored. 
It  is  hardly  necessary  to  say  that  but  a  small  proijortion  of  pleuri- 
sies occurring  in  tuberculous  individuals  are  hemorrhagic.  It  is 
probable  that  such  is  the  case  only  when  there  are  tuberculous  lesions 
in  the  pleura  itself.  This  tendency  to  hemorrhage  is  to  be  explained 
by  the  great  vascularity  of  the  new  membranes,  and  the  frequency  of 
degeneration  and  necrosis  of  the  arterial  walls  consequent  upon  the 
tuberculous  process.  Many  of  these  hemorrhagic  cases  are  acute — a 
miliary  tuberculosis  of  the  pleura,  such  as  may  occur  suhjinem  vitce 
in  pulmonary  tuberculosis  or,  less  frequently,  as  a  primary  affection. 
Others  are  chronic  from  the  first;  beginning  as  an  ordinary  acute 
pleurisy,  they  show  a  constant  tendency  to  recur.  Such  cases  may 
recover  after  repeated  tappings,  but  the  probability  of  subsequent 
phthisis  always  makes  the  outlook  especially  dubious. 

In  this  same  group  probably  belong  also  those  forms  of  hemor- 
rhagic pleurisy  which  Fraentzel  first  described  as  analogous  to  Yir- 
chow's  hEematoma  of  the  dura  mater.  Mesnil  and  Ketter  refer  to 
this  condition  as  pleural  hsematoma.  An  individual  who  has  recently 
recovered  from  an  ordinary  serofibrinous  pleurisy  has  a  relapse; 
the  new  membranes  which  have  resulted  from  the  first  attack  partici- 
pate in  the  recurrent  inflammatory  process,  and  very  considerable 
quantities  of  blood  escape  from  the  newly  formed  capillaries,  either 
by  rupture  or,  as  Fraentzel  thinks,  by  diapedesis.  This  blood  may 
collect  in  the  meshes  of  the  membrane,  or  in  the  free  pleural  cav- 
ity where  it  mingles  with  a  variable  quantity  of  serum.  Fraentzel 
considered  these  recurrent  forms  of  hemorrhagic  pleurisy  as  almost 
invariably  associated  with  pleural  tuberculosis;  Mesnil  and  Netter 
both  coincide  in  this  view.  Indeed,  Fraentzel  believes  that  this  is  the 
mode  of  development  of  nearly  all  hemorrhagic  effusions  of  tubercu- 
lous origin,  except  the  more  acute  forms. 

The  liemorrliagic  diatliesis  is  not  of  itself  a  cause  of  pleurisy ;  but  a 
pleural  inflammation  occurring  in  an  individual  thus  predisposed  is 
liable  to  be  hemorrhagic.  This  form  is  rare.  It  may  be  encoun- 
tered in  connection  with  purpura  hgemorrhagica,  scorbutus,  perni- 
cious anaemia,  leukaemia,  haemophilia,  or  icterus  gravis.  The  loss 
of  blood  may  be  considerable — sufficient  to  cause  a  noticeable  pallor. 
Instances  have  also  been  reported  of  the  association  of  hemorrhagic 
effusion  with  chronic  Bright' s  disease  and  with  cirrhosis  of  the  liver. 
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It  is  also  probable  that  hemorrhagic  pleurisy  is  occasionally  in- 
dependent of  any  of  the  foregoing  conditions.  Wentwoi-th  reports  a 
case  containing  only  the  staphylococcus  (possibly  tuberculous  [?]), 
and  states  that  he  has  seen  another  which  was  quite  similar. 

The  propoi*tion  of  pure  blood  in  a  hemorrhagic  pleurisy  is  rarely 
more  than  ten  per  cent.  But  it  is  often  impossible  to  estimate  this 
proportion  either  by  the  appearance  of  the  fluid  or  by  microscopic 
examination;  many  of  the  red  discs  have  lost  their  color  and  are 
difficult  to  count.  Hemy  recommends  for  this  purpose  the  use  of 
Gowers'  htemoglobinometer.  In  an  ansemic  and  debilitated  individ- 
ual such  an  estimate  may  be  of  value  as  regards  aspiration,  since 
the  recurrence  of  a  markedly  hemorrhagic  effusion  might  then  be 
attended  with  considerable  danger. 

Chylous  Pleurisy. 

Certain  cases  of  effusion  have  been  reported  in  which  the  fluid 
was  of  a  decidedly  milky  appearance,  resembling  chyle.  The  form 
is  very  rare ;  Busey  was  able  to  collect  only  sixty-four  cases  in  the 
w^hole  literature  of  effusions.  Following  the  example  of  Boulengier, 
who  has  given  considerable  study  to  the  matter,  we  may  divide  chy- 
lous effusions  into  two  distinct  and  sharply  characterized  forms : 

Chylothorax. — A  collection  of  true  chyle  in  the  pleural  cavity  can 
result  only  from  a  direct  lesion  of  the  thoracic  duct.  Of  Busey 's  64 
cases,  only  10  were  genuine  chylothorax;  in  5,  at  least,  of  these,  the 
chyle  came  directly  from  the  thoracic  duct,  3  being  traumatic.  In  a 
case  since  observed  by  Turney,  five  ounces  of  chyle  were  present  in 
the  peritoneum,  two  pints  of  chyle  in  the  right  pleural  cavity,  and  one 
pint  of  cloudy  serum  in  the  left.  The  thoracic  duct  was  found  to  be 
obstructed  by  a  thrombus  of  the  subclavian  and  internal  jugular  veins, 
which  had  resulted  from  a  cancerous  embolus.  Boulengier  thinks 
this  form  may  also  be  due  to  the  operation  of  the  filaria  sanguinis. 
Microscopically  the  effusion  in  chylothorax  is  found  to  consist  of  a 
pure  emulsion  of  fat. 

Chyliform  Pleurisy. — Here  the  fluid  simply  resembles  chyle  and 
has  no  relation  whatever  with  any  lesion  of  the  thoracic  duct.  It  is 
found  in  chronic  cases  of  serofibrinous  or  purulent  pleurisy,  also  in 
pleural  cancer,  and  is  due  to  a  fatty  degeneration  of  fibrin,  leuco- 
cytes, or  epithelial  cells.  Microscopically,  it  consists  of  a  finely 
granular  detritus,  free  fat  globules,  and  numerous  crystals  of  choles- 
terin,  many  of  which  are  aggregated  in  clumps.  Degenerated  leu- 
cocytes and  epithelial  cells  are  present  in  small  numbers.  Both  the 
granular  detritus  and  free  fat  are  more  or  less  completely  dissolved 
by  ether. 
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A  cliyliform  effusion  is  usually  thought  to  be  tuberculous.  While 
the  majority  of  such  effusions  are  undoubtedly  associated  with  the 
chronic  forms  of  pleural  tuberculosis,  a  very  considerable  number 
are  the  result  of  cancer.  Quincke  regards  a  chylous  fluid  as  quite  as 
characteristic  of  malignant  disease  of  the  pleura  as  a  hemorrhagic  one. 
Of  twenty  cases  of  chyliform  pleurisy  whose  origin  could  be  traced 
by  Bargebuhr,  four  were  associated  with  cancer.  It  need  hardly  be 
said  that  the  prognosis  of  this  form  quoad  vitam  is  always  grave. 

The  diagnosis  of  either  form  of  chylous  effusion  can  be  made  only 
by  exploratory  puncture.  A  chyliform  fluid  may  then,  as  Boulen- 
gier  thinks,  be  distinguished  from  true  chyle  by  its  cellular  elements 
which  are  usually  present  in  sufficient  numbers  to  make  a  diagnosis 
possible. 

The  treatment  of  chyliform  pleurisy  is  the  same  as  that  of  other 
forms  of  chronic  empyema.  The  prognosis  of  true  chylothorax  must 
always  be  exceedingly  grave,  and  it  would  probably  be  unwise  to 
operate  except  in  response  to  the  indicatio  vitalis. 

Pulsating  Pleurisy. 

Under  this  term  two  conditions  are  usually  included,  which  differ 
widely  in  appearance.  In  the  first  a  pulsation,  synchronous  with  the 
heart,  is  seen  or  felt  in  several  intercostal  spaces  of  the  affected  side. 
In  the  second  the  pulsation  is  limited  to  one  or  more  tumors,  each  of 
which  represents  a  beginning  perforation  of  the  chest  wall. 

The  condition  is  extremely  rare.  Attention  was  first  called  to  it 
by  McDonnell  in  1844 ;  and  it  has  since  been  studied  among  others 
by  Comby  in  1883,  who  collected  twenty -seven  cases ;  by  Keppler  in 
1887,  with  thirty-eight  cases ;  and  by  Osier,  who  in  1889  found  a  total 
of  forty-two  cases  in  the  whole  literature  of  the  subject.  With  one 
or  two  exceptions,  all  the  reported  cases  have  been  purulent. 

This  pulsation  is  found  only  when  the  empyema  is  upon  the  left 
side.  Its  most  frequent  situation  is  from  the  second  to  the  sixth  rib 
in  front,  outside  the  mammary  line.  This  is  true  of  both  varieties. 
In  other  cases  the  pulsating  area  or  tumor  may  be  in  the  lower  axil- 
lary region,  or  even  at  the  lower  part  of  the  back,  close  to  the  spine 
(case  of  Millard).  There  may  be  two  or  even  more  separate  pulsat- 
ing tumors.  Light  reports  two  such  cases ;  in  the  first,  one  tumor 
was  over  the  third,  fourth,  and  fifth  ribs,  near  the  mammary  line,  the 
other  was  below  the  angle  of  the  scapula ;  both  pulsated.  In  the 
second  case,  one  bulging  was  in  the  praecordia,  the  other  at  the  eighth 
rib  in  the  axillary  line;  only  the  latter  pulsated;  these  tumors  were 
both  red  and  glazed. 

In  some  of  these   cases  there  is  a   pyopneumothorax.     Indeed, 
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Combv  is  of  tlie  o]>inion  that  the  ^reat  majority  are  thus  complicated. 
In  certain  positions  of  the  patient  the  tumor  may  then  contain  oulv  air. 
No  satisfactory  explanation  of  this  phenomenon,  accounting  at  the 
same  time  for  its  iufrequency,  has  ever  been  given.  The  fact  that  the 
pulsation  sometimes  ceases  after  the  removal  of  a  small  quantity  of 
fluid  by  aspiration,  suggests,  as  believed  by  Traube  and  Bouveret, 
that  one  of  the  necessary  conditions  is  an  unusual  tension  of  the 
fluid,  together  with  a  locally  diminished  resistance  of  the  thoracic 
wall.  These  cases  are  supposed  to  be  unusually  fatal,  and  to  be  very 
frequently  tuberculous.  They  are  certainly  not  always  chronic,  since 
"Watkins  has  recenth-  observed  pulsation  in  an  acute  case.  Of  Light's 
three  cases,  one  recovered,  and  in  the  other  two  no  tubercles  were 
discovered  on  post-mortem  examination.  The  treatment  of  pulsatile 
empyema  differs  in  no  way  from  that  of  the  ordinary-  form. 

Encapsulated  Pleurisy. 

Either  a  serofibrinous  or  a  purulent  effusion  may  be  variously 
limited  in  extent  and  configuration  by  old  adhesions.  We  have  al- 
ready referred  (see  Pathological  Anatomy)  to  the  forms  described  as 
multilocular  and  areolar,  where  the  fluid  is  contained  either  in  several 
communicating  chambers  or  in  the  meshes  of  the  thickened  pleura. 
Here  vocal  fremitus  msij  be  but  little  diminished ;  and  on  aspiration 
the  quantity  of  fluid  obtained  may  be  disproportionately  small.  In 
other  cases  and  more  frequently,  a  single  body  of  fluid  collects  in 
front,  or  at  the  apex,  or  above  the  diaphragm;  in  fact,  in  any  possi- 
ble region  of  the  chest.  This  will  result  in  atypical  displacements  of 
the  lung,  as,  for  example,  downwards  or  outwards  or  forwards.  Mohr 
found  more  or  less  encapsulation  in  more  than  half  of  forty-nine 
cases  examined,  though  this  is  assuredly  far  beyond  the  usual  propor- 
tion. These  limited  effusions  often  occasion  great  difficulty  in  diag- 
nosis ;  they  have  been  mistaken  for  consolidations,  new  growths,  par- 
tial pneumothorax,  and  for  pericarditis.  It  is  impossible  here  to 
enumerate  the  varied  physical  signs  which  they  may  produce,  and 
the  elements  of  diagnosis  presented  in  each  case.  Particular  weight 
will  be  attached  to  the  {presence  of  absolute  flatness,  local  bulging, 
cardiac  disx)lacement,  the  absence  of  fremitus,  and  a  diminished  or 
bronchial  respiration  without  rales.  The  exploratory  needle  will  al- 
ways remain  the  final  and  only  authoritative  source  of  information. 

Diaphragmatic  Pleurisy. 

This  form,  as  its  name  implies,  affects  that  portion  of  the  pleura 
which  covers  the  diaphragm  and  the  corresponding  surface  of  the 
lung.     Its  course  and  symptoms  have  not  necessarily  anything  pecu- 


56  WHITNEY — DISEASES  OP  THE  PLEURA. 

liar.  Such  a  pleurisy  may  often  form  j)art  of  a  more  general  inflam- 
mation, or  may  be  secondary  to  grave  affections  of  the  lungs  or  abdo- 
minal viscera,  and  thus  present  no  local  symptoms  which  attract  at- 
tention ;  or  even  a  primary  diaphragmatic  pleurisy — such  as  may  result 
from  rheumatism,  for  example^may  run  a  chronic  and  latent  course. 
In  certain  cases,  however,  this  form  gives  rise  to  a  characteristic  com- 
plex of  symptoms,  which  is  especially  interesting  and  important  be- 
cause of  its  close  resemblance  to  serious  disease  of  the  abdominal  cav- 
ity. First  studied  by  Laennec,  Andral,  and  later  by  Hermil  and  other 
French  observers,  such  German  authorities  as  Wintrich  and  Fraent- 
zel  have  refused  to  recognize  its  raison  d'etre;  the  latter  claiming  that, 
on  the  one  hand,  it  may  produce  no  symptoms  whatever,  while  other 
cases  are  not  to  be  distinguished  from  certain  affections  of  the  lung 
and  abdomen — as,  for  instance,  subphrenic  abscess.  A  brief  resume 
of  four  cases  recently  reported  by  Fenwick  will  perhaps  aid  in  de- 
ciding as  to  which  of  these  views  is  justified,  as  well  as  in  emphasiz- 
ing the  peculiar  symptomatology  of  the  disease : 

Case  I.  presented  all  the  symptoms  of  an  attack  of  gall  stones, 
and  was  thus  diagnosticated  until  the  third  day,  when  dulness  ap- 
peared at  the  base  of  the  right  pleural  cavity  behind. 

Case  II. — Chill,  pain  in  the  right  iliac  fossa,  retching,  and  slight 
delirium.  Pulse,  120;  respiration,  36;  temperature,  102.6°  F.  Diag- 
nosis, perityphlitis.  On  fifth  day  a  friction  sound  was  heard  behind; 
later,  effusion  appeared. 

Case  III. — Acute  abdominal  pain,  constant  retching,  temperature 
of  103°  F.  Six  hours  later  the  legs  were  drawn  up,  and  there  was 
constant  vomiting;  temperature,  104°  F.  Diagnosis,  probable  per- 
forative peritonitis.  Death  thirty-six  hours  later  (phthisis).  Au- 
topsy showed  only  a  fresh  deposit  of  lymph  over  the  whole  pleura 
covering  the  diajjhragm  on  the  left  side  and  the  opposite  lung. 

Case  IV.  — Sudden  epigastric  pain,  with  vomiting  and  delirium ; 
knees  drawn  up,  respiration  rapid  and  shallow,  abdomen  retracted 
and  rigid,  with  great  tenderness  on  pressure.  Diagnosis,  probable 
peritonitis.  In  twenty-four  hours  amelioration  of  all  general  symp- 
toms, with  signs  of  beginning  effusion,  which  afterward  became  large. 

These  cases  suggest  the  symptomatology  of  acute  diaphragmatic 
pleurisy :  Acute  onset,  often  with  chill  and  high  temperature ;  pain, 
frequently  of  great  severity,  referred  to  the  epigastrium  or  hypo- 
chondrium,  or  even  to  the  iliac  region,  sometimes  also  to  the  lower  part 
of  the  back,  and  greatly  aggravated  by  cough,  deep  inspiration,  and  hic- 
cough— the  latter  often  an  early  and  prominent  symptom ;  respiration 
moderately  rapid  and  shallow,  with  bent  posture ;  abdominal  symp- 
toms pronounced — legs  often  drawn  up  and  abdomen  exceedingly  sen- 
sitive on  pressure ;  general  condition  markedly  disturbed — face  anx- 
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ious,  fear  of  impending  death,  pulse  rapid,  sensorium  dulled,  delirium 
not  infrequent — all  these  symptoms  subsiding  in  from  one  to  four 
days,  and  giving  place  to  those  which  commonly  attend  an  ordinary 
serous  effusion. 

The  physical  signs  are  always  slight  at  first  and  may  remain  so 
throughout.  Probably  in  most  cases  there  is  either  a  serous  or, 
rarely,  purulent  effusion,  although  here  opinions  differ,  and  since  re- 
covery is  the  rule  the  truth  cannot  always  be  determined.  The  earli- 
est sign  of  any  value  is  friction,  and  later  a  zone  of  dulness  may  ap- 
pear behind,  as  in  the  usual  form. 

The  cases  of  Fenwick  also  illustrate  the  great  difficulty  of  diagno- 
sis at  an  earlj^  period.  Everything  points  to  an  abdominal  disease, 
and  a  recognition  of  the  true  nature  of  the  malady  is  only  possible 
when  the  possibility'  of  a  pleuritic  affection  is  kept  constantly  in 
mind.  The  differential  factors  are  the  following:  In  pleurisy  the 
abdominal  tenderness  is  superficial,  being  due,  according  to  Fen- 
wick, to  irritation  of  the  intercostal  nerves,  whose  branches  are  dis- 
tributed to  the  abdominal  wall.  Respiration  is  increased  in  a  de- 
gree unusual  in  abdominal  affections.  Certain  points  of  tenderness 
along  the  course  of  the  phrenic  nerve  are  often  marked  and  character- 
istic. These  are :  Between  the  insertions  of  the  sternomastoid  mus- 
cle, in  the  intercostal  spaces  along  the  sternal  margin,  over  the  dia- 
phragmatic attachments,  especially  close  to  the  spine,  and  at  a  point 
on  a  level  with  the  tenth  rib  and  two  fingers'  breadth  from  the  median 
line.  Later,  the  amelioration  of  the  general  condition  and  the  appear- 
ance possibly  of  local  physical  signs  reveal  the  true  nature  of  the  dis- 
ease. 

The  prognosis  and  treatment  of  diaphragmatic  pleurisy  present 
no  special  features  for  consideration. 

Interlobar  Pleurisy. 

This  form  is  nearly  always  purulent.  Attended  at  the  outset  by 
the  usual  symptoms  of  pleurisy,  it  may  fail  to  produce  any  physical 
signs  whatever  and,  unless  emptied  by  vomica,  it  may  remain  un- 
recognized. 

In  other  cases  the  effusion  finally  reaches  the  surface  of  the  chest, 
or,  rather,  it  gives  rise  to  a  dull  area  which  may  represent  either  the 
fluid  itself  or  only  a  thickening  of  the  surrounding  lung.  This  dull 
area  has  no  especially  diagnostic  features.  It  does,  however,  usu- 
ally lie  in  the  course  of  a  pulmonarj^  fissure — a  fact  which  may  pos- 
sibly suggest  its  character.  Gerhardt,  for  example,  reports  a  case 
which  produced  an  area  of  flatness  with  bronchial  respiration  in  the 
right  axilla,  and  which  emptied  itself  by  vomica  on  the  nineteenth 
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clay.  Netter  also  states  that  a  flat  area  is  often  produced,  wliicli  ex- 
tends from  beliind  forwards  and  downwards,  corresponding  to  the  fis- 
sure between  upper  and  lower  lobe. 

31ediastinal  Pleurisy. 

A  pleurisy  affecting  the  mediastinum  alone  is  exceedingly  uncom- 
mon ;  it  is  usually  only  part  of  the  more  general  affection.  But  such 
cases  have  been  reported;  purulent  collections  have  been  found,  usu- 
ally in  the  anterior  mediastinum,  which  during  life  produced  consid- 
erable pain  and  dyspnoea,  and  sometimes  a  small  region  of  dulness  to 
the  right  or  left  of  the  sternum. 

Velinurovifcch  observed  three  cases  in  children,  the  signs  of  which 
were  more  interesting  and  characteristic.  Circulatory  disturbances 
were  very  pronounced;  there  were  cyanosis,  rapid  and  feeble  pulse, 
oedema  of  the  face  and  upper  portions  of  the  body,  and  coldness  of 
the  extremities.  Physical  examination  showed  dilatation  of  the  ster- 
nal veins ;  also  an  area  of  flatness  which  extended  slightly  beyond  the 
sternum  on  the  unaffected  side,  and  on  the  other  for  a  varying  dis- 
tance towards  the  axilla.  This  area  was  continuous  with  the  dulness 
of  the  heart  and  liver,  the  former  being  displaced  towards  the  opposite 
side. 

Velinurovitch  thinks  the  greatest  difficulty  in  the  diagnosis  of  this 
condition  is  its  differentiation  from  pericardial  effusion.  It  would 
seem  as  though  the  characteristic  area  of  flatness  produced  by  the  lat- 
ter would  usually  make  confusion  impossible. 

Double  Pleurisy. 

It  is  seldom  that  both  pleurae  are  simultaneously  attacked  by  an 
acute  inflammation,  and  still  rarer  for  both  at  the  same  time  to  be- 
come more  or  less  filled  with  fluid.  A  bilateral  collection  of  serum 
is  far  more  likely  to  be  a  simple  hydrothorax. 

Double  empyema  does,  however,  occur,  especially  in  children. 
The  symptoms  are  apt  to  be  severe,  and  it  is  quite  evident  that  a 
bilateral  compression  of  the  lungs  and  circulatory  organs  must  be  at- 
tended with  great  danger.  It  was  formerly  believed  that  double  pleu- 
risy is  invariably  tuberculous.  This  is  probably  not  far  from  the  truth 
as  regards  the  serofibrinous  form,  although  Netter  refers  to  such 
cases  of  rheumatic  origin.  As  to  the  tuberculous  character  of  all  dou- 
ble empyemas,  there  is  very  great  doubt;  at  all  events,  quite  a  num- 
ber of  instances  have  recently  been  reported  by  Carr,  Cassel,  Dunn, 
Westbrook,  Batchelor,  and  others,  in  which  operation  of  a  double 
empyema  was  followed  by  complete  recovery.  Batten  even  had  five 
recoveries  out  of  eight  cases  in  children. 
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The  treatment  of  tliis  form  presents  no  special  feature,  except  that 
an  interval  of  several  days  should  elapse  between  the  two  operations. 

Pleurisy  in  Infancy  and  Childhood. 

It  is  now  generally  admitted  that  i)leuris3^  in  children  is  compara- 
tively common.  It  may  be  either  dry,  serofibrinous,  or  purulent; 
the  latter  is,  perhaps,  the  most  frequent  form.  Even  infants  are  not 
exempt,  though  more  so  than  older  children ;  and,  according  to  Piotch, 
the  younger  the  child  the  more  likely  is  the  effusion  to  be  purulent. 

Serofibrinous  Pleurisy. — No  careful  study  of  the  etiology  of  this 
form  in  childhood  has  yet  been  made.  It  seems  quite  improbable 
that  it  can  bear  any  such  close  relation  to  tuberculosis  as  that  in  adult 
life.  Still,  it  is  often  apparently  primary,  and  whether  such  cases 
are  frequently  rheumatic  or  are  often  dependent  upon  one  or  the  other 
of  the  various  microbes,  is  still  undetermined.  Henoch  states  that  he 
has  frequently  seen  it  in  the  course  of  acute  articular  rheumatism. 

The  disease  may  begin  with  violence,  and  its  course  may  be  even 
more  acute  than  in  adults.  At  the  outset  convulsions  are  not  infre- 
quent. Baginsky  emphasizes  especially  the  constancy  of  a  short, 
dry,  harassing  cough.  Infants  cannot,  of  course,  call  attention  to 
pain ;  but  there  is  often  great  intercostal  tenderness  on  percussion  or 
palpation  over  the  affected  region,  or  even  on  merely  pressing  the 
skin.  Somewhat  older  "children  are  very  apt  to  complain  of  the 
"stomach."  Fever  is  usually  high,  often  over  104°  F.,  and  greatly 
adds  to  the  dyspnoea,  which  is  so  often  produced  in  children  by  high 
temperature  alone.  Delirium  is  also  of  common  occurrence.  Some 
cases,  beginning  like  pneumonia  with  repeated  convulsions,  may 
strongly  suggest  meningitis.  In  others  gastric  symptoms  predomi- 
nate— such  as  anorexia,  nausea  and  vomiting,  and  epigasti'ic  pain. 
The  advice  given  by  Henoch,  to  examine  the  chest  of  every  child 
with  fever,  is  sound.  The  pulse  is  not  so  much  affected  by  an 
increasingly  large  effusion  as  in  adults.  Baginskj^  says  the  right 
heart  in  childhood  is  relatively  large  and  strong,  and  is  therefore 
better  able  to  overcome  and  adapt  itself  to  any  obstruction  in  the  les- 
ser circulation.  In  older  children  the  course  of  serofibrinous  pleurisy 
is,  as  a  rule,  not  so  acute,  and  corresponds  more  nearly  to  the  adult 
form. 

Particular  attention  should  be  called  to  the  relative  frequency 
of  latent  pleurisy  in  childhood.  The  importance  of  this  form  in 
infants  and  younger  children  is  all  the  greater  because  of  their  in- 
ability to  speak  of  the  fleeting  pains  or  other  symptoms  which  might 
direct  attention  to  the  chest.  Such  a  pleurisy  may  be  absolutely  la- 
tent.    Only  an  increasing  pallor  and  weakness,  with  perhaps  some 
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loss  of  flesh,  finally  lead  the  parents  to  consult  a  physician.  His  rec- 
ognition of  the  disease  will  then  depend  solely  upon  the  habit  of 
making  a  thorough  physical  examination  in  all  cases  in  which  the 
diagnosis  is  not  clear. 

The  physical  signs  of  pleurisy  in  childhood  differ  but  little  from 
those  in  adults.  Friction  is  said  to  be  much  softer.  Bulging  of  the 
intercostals  is  much  more  frequent  and  pronounced.  Bronchial  res- 
piration over  the  fluid  is  of  very  common  occurrence  even  in  small 
effusions.  Henoch  regards  it  as  the  rule.  Fremitus  is  commonly 
said  to  be  of  little  value  because  it  is  difficult  to  elicit ;  in  my  experi- 
ence it  is  very  seldom  that  a  child  cannot  be  made  to  use  the  voice  in 
one  way  or  another.  Percussion  curves  are  the  same  as  in  later 
years ;  and,  owing  to  the  great  ease  with  which  the  flat  area  can  be 
defined  in  childhood,  their  diagnostic  value  is  very  great. 

Serofibrinous  pleurisy  in  children  is  a  relatively  benign  disease. 
Metabolism  is  more  active  in  early  life,  and  resorption  of  an  effusion 
is  usually  rapid  and  complete.  Chronic  cases  are  occasionally  met 
with,  and  may  have  the  same  outcome  as  in  adults.  Complications 
are  few.  Of  these,  pericarditis  is  relatively  frequent,  and  must  al- 
ways be  looked  upon  with  considerable  apprehension.  Sudden  death 
is  rare. 

Empyema  in  childhood  has  already  been  referred  to  in  the  section 
on  Etiology.  The  great  frequency  of  the  pneumococcal  form,  consti- 
tuting probably  seventy-five  per  cent,  of  all  cases,  was  particularly  em- 
phasized. This  explains  also  the  well-known  benignity  of  empyema 
in  children,  the  pneumococcus  being  a  microbe  of  slight  virulence  and 
short  life.  Other  important  etiological  factors  are  the  acute  infec- 
tious diseases,  particularly  scarlatina;  bronchopneumonia  of  strep- 
tococcal origin,  especially  when  associated  with  influenza;  and  also 
caries  of  the  ribs,  which,  according  to  Henoch,  is  a  much  more  fre- 
quent cause  than  in  adults.  Putridity  is  rare.  Kesulting  deformity 
of  the  chest  is  comparatively  infrequent  in  childhood ;  and  it  is  the 
experience  of  most  operators  that  a  complete  restoration  of  normal 
'  conditions  is  the  rule. 

The  treatment  of  simple  effusion  is  the  same  as  in  adult  life,  and 
that  of  empyema  is  fully  discussed  elsewhere. 

Senile  Pleurisy. 

Here  also  the  disease,  while  occasionally  acute,  is  oftener  sub- 
acute or  latent.  This  is  what  the  debility  of  age  would  lead  us  to 
expect.  Netter  states  that  senile  pleurisy  is  very  rare  apart  from 
pneumonia,  tuberculosis,  cancer — especially  of  the  lung — chronic 
Bright' s  disease,  and  pulmonary  infarction,  such  as  results  from  dis- 
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ease  of  the  heart.  Its  course  is  rather  protracted,  the  amount  of  fluid 
is  usually  small,  and  the  ultimate  outcome  is  always  doubtful,  be- 
cause of  the  usually  grave  character  of  the  primary  disease. 

Complications  of  Pleueisy. 

It  is  unnecessary  and  impossible  here  to  enumerate  the  many 
conditions  with  wdiich  pleurisy  may  be  associated  (see  Etiology). 
Genuine  complications  of  pleurisy,  such  as  more  or  less  habitually 
result  from  it,  are  few. 

Pericarditis  is  perhaps  the  most  frequent  complication.  It  may 
follow  either  the  simple  or  the  purulent  form ;  and  it  may  either  be 
dependent  upon  the  same  cause  as  the  pleurisy  itself — such,  for  ex- 
ample, as  rheumatism — or  it  may  result  from  a  direct  extension  of 
the  inflammatory  process.  It  is  oftenest,  perhaps,  accompanied  by 
pericardial  effusion,  which  may  or  may  not  be  of  the  same  character 
as  the  pleural.  The  diagnosis,  in  connection  with  a  small  pleuritic 
effusion,  is  easy;  with  a  large  effusion,  especially  if  on  the  left 
side,  it  can  be  made  only  by  careful  percussion  of  the  displaced 
prsecordia,  which  then  reaches  much  above  the  fourth  costal  carti- 
lage on  the  right — its  usual  boundary.  Pericarditis  is  always  a 
grave  complication;  not  that  recovery  is  exceptional,  but  that  the 
possibilities  of  a  fatal  outcome  are  materially  increased.  A  heart 
which  is  already  overworked  and  in  some  danger  from  compression, 
can  ill  afford  to  be  additionally  hampered  hj  a  pericardial  effusion, 
and  possibly  also  degeneration  of  its  muscular  substance. 

Peritonitis  is  also  a  possible  complication  of  pleurisy,  especially 
of  the  purulent  form ;  but,  fortunately,  even  here  it  is  rare.  The  dia- 
phragmatic stomata  are  undoubtedly  the  channels  of  the  inflamma- 
tory process. 

Various  metastatic  abscesses  have  been  found  in  connection  wdth 
empyema.  Those  of  the  brain  seem  to  be  relatively  frequent. 
Among  a  series  of  metastases  from  empyema  collected  by  Hagenbach- 
Burckardt,  were  otitis  media,  abscesses  of  the  scalp,  gluteal  region, 
and  lids,  and  phlegmon  of  the  cervical  glands. 

Pulmonary  cedema  is  an  occasional  result  of  effusion,  and  may  have 
a  rapidly  fatal  issue.  It  may  involve  either  the  lung  of  the  un- 
affected side  or  the  one  w-hich  has  been  compressed.  Instances  of 
the  latter  are  found  only  when  fluid  has  been  too  rapidly  or  copiously 
withdra\^Ti  by  aspiration.  The  sudden  refilling  of  the  pulmonary 
capillaries  appears  to  be  the  essential  feature  of  the  process,  and  it 
seems  a  matter  of  little  importance  whether,  with  Traube  and  Fraent- 
zel,  the  escape  of  serum  is  attributed  to  a  malnutrition  of  the  com^ 
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pressed  capillary  walls,  or  whetlier  we  accept  the  explanation  of 
Duffin  that  a  paralysis  of  the  vasomotor  nerves  has  resulted  from  long 
compression. 

ffidema  of  the  opposite  lung  is,  Fraentzel  states,  of  quite  frequent 
occurrence  at  the  height  of  a  large  effusion.  Xo  good  explanation  of 
its  sudden  onset  has  yet  been  given.  Traube  called  it  a  pneumonia 
serosa,  and  thought  it  was  associated  with  cold.  A  passive  hypersemia 
of  the  lung  would  seem  to  be  a  more  plausible  conception,  though 
why  it  should  aj^pear  so  suddenly  is  not  clear.  The  symptoms  of 
oedema  are  often  exceedingly  acute  and  threatening.  The  patient  is 
suddenly  seized  with  a  sensation  of  great  pressure  on  the  chest. 
Dysjinoea  rapidly  develops,  which  soon  increases  to  orthopnoea,  and 
is  accompanied  by  cyanosis.  At  the  same  time  a  paroxysmal  cough 
appears,  which  brings  up  large  quantities  of  clear  frothy  seinim,  of 
yellowish  or  rose-red  color,  and  very  rich  in  albumin ;  hence  the  term 
^^expectoration  alhurabieuse"  usually  applied  to  this  condition  by 
the  French.  More  than  a  litre  may  be  raised  in  twenty-four  hours. 
Death  may  ensue  in  a  very  short  time  from  suffocation — a  genuine  as- 
j)hyxia ;  or  the  symptoms  may  gradually  subside,  and  in  from  twelve 
to  twenty -four  hours  the  status  quo  ante  is  again  restored. 

(Edema  of  the  lungs  has  become  comparatively  rare  as  a  com- 
plication of  effusion,  since  earh'  aspiration  is  the  rule,  and  only  a 
limited  quantity  of  fluid  is  cautiously  withdrawn. 

Most  prominent,  perhaps,  among  the  complications  of  pleurisy 
are  certain  peculiar  cerehral  disorders,  and  also  certain  forms  of  sudden 
death,  which  from  their  exceptional  character  may  properly  be  consid- 
ered here  rather  than  among  the  more  usual  terminations  of  the 
affection. 

Encephalic  Disturbances. — Originally  described  among  others  by 
Weil,  Eendu,  Hutinel,  and  Gilbert  and  Eoger,  these  attacks  have  re- 
cently been  carefully  studied  by  Cerenville,  and  especially  by  Jean- 
selme.  Adopting  the  classification  of  the  latter,  we  may  recognize 
the  following  forms : 

a.  The  Collapse  Form. — This  form  occurs,  as  a  rule,  immediately 
after  some  operative  procedure  or  manipulation,  such  as  is  frequent 
in  cases  of  empyema ;  the  patient  becomes  suddenly  unconscious  and 
dies  of  cardiac  paralysis.  Sometimes  death  is  preceded  by  convul- 
sive twitchings. 

&.  The  Com-ulsive  Form. — This  is  usually  later  in  its  appearance, 
occurring  oftenest  some  time  during  convalescence.  The  patient  is 
suddenly  seized  with  convulsions,  becomes  unconscious,  and  goes 
through  an  attack  which  dift'ers  in  no  respect  from  one  of  epilepsy. 
The  conti'actions  are  often  unilateral,  usually  on  the  side  of  the  em- 
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pyema.  Death  may  occur  during  the  seizure,  or  after  a  few  moments 
the  convulsions  cease  and  consciousness  slowly  returns.  The  attack 
may  be  followed  bj^  paresis  or  paralysis,  sometimes  also  by  hallucina- 
tions or  even  mania.  This  condition  is  often  termed  "  pleural  epi- 
lepsy." 

c.  The  Hemiplegic  Form. — In  this  there  occurs  an  onset  of  sud- 
den paralysis  which  may  or  may  not  have  been  preceded  by  convul- 
sions or  unconsciousness.  It  may  not  follow  the  presumable  cause 
for  several  days. 

All  these  peculiar  attacks  ai^pear  to  have  this  one  element  in  com- 
mo:(j — they  are  invariably  preceded  by  some  mechanical  insult  to  the 
pleura,  however  tri^'ial  in  many  cases  this  may  seem  to  have  been. 
Thus  the  attack  may  follow  paracentesis,  or  the  probing  of  a  fistula, 
or,  more  frequently,  a  simple  irrigation  of  the  j)leural  cavit}^  with  a 
non-medicated  fluid.  In  some  cases,  according  to  Cerenville,  certain 
premonitory  symptoms  have  been  noticed — dilatation  of  one  pupil, 
redness  of  the  malar  bone  on  the  same  side,  and  bleeding  or  hyper- 
£esthesia  of  the  pleural  fistula.  No  satisfactory  theory  to  account  for 
these  attacks  has  ever  been  offered.  They  are  neither  more  frequent 
in  epileptics  nor  does  ejiilepsy  afterward  develop  in  those  who  re- 
cover. A  long  interval  may,  however,  elapse  between  the  manipu- 
lation and  the  seizure.  Thus,  Talamon  saw  a  case  of  an  eclamj^tic 
attack  which  occurred  two  days  after  an  aspiration;  three  weeks 
later,  without  repetition  of  the  puncture,  there  was  a  second  attack 
which  proved  fatal.  In  one  or  two  cases  a  cerebral  embolus  has 
been  discovered ;  but  for  the  great  majority  the  unsatisfactory  term 
"  reflex"  must  still  be  used.  Jeanselme  assumes  an  increased  irrita- 
bility of  the  nerve  centres  from  asthenia  together  with  a  certain 
degree  of  autointoxication.  Gilbert  and  Roger  have  succeeded  in 
producing  convulsive  seizures  resembling  pleural  epilepsy  by  the 
injection  of  irritating  substances  into  the  pleuri3e  of  dogs;  and  by 
vivisection  they  claim  to  have  shown  that  these  attacks  were  of  reflex 
origin  in  the  medulla. 

This  comi)lication  is  rare.  Jeanselme  could  collect  but  forty-five 
cases,  to  which  at  least  two  may  now  be  added  (Eisenlohr  and  Laache) . 
All  forms  are  extremely  dangerous,  the  mortality  being  thus  far  no 
less  than  fifty  per  cent. 

Sudden  Death. — Though  not  a  common  accident  in  the  course  of 
pleuritic  effusion,  sudden  death  has  been  frequent  enough  to  have 
given  rise  to  much  speculation  as  to  its  cause.  Trousseau  believed 
that  a  fatal  syncope  might  result  from  a  twisting  of  the  great  vessels, 
particularly  the  aorta,  produced  by  displacement.  .  Bartels  laid  chief 
stress  upon  a  bending  of  the  inferior  vena  cava  where  it  penetrates 
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the  diaphragm,  sufficient  to  obstruct  the  return  of  blood  to  the  right 
ventricle ;  this,  combined  with  other  factors,  would  greatly  diminish 
the  volume  of  blood  in  the  left  ventricle  and  cause  a  fatal  insuffi- 
ciency of  arterial  pressure.  Fraentzel  states  that  he  has  seen  in- 
stances of  this  obstruction  of  the  vena  cava  in  three  autopsies,  and 
is  therefore  inclined  to  accept  the  explanation  of  Bartels  for  many 
cases  in  which  the  effusion  is  on  the  left  side.  Dieulafoy  has,  how- 
ever, shown  that  sudden  death  is  not  confined  to  left-sided  effusion. 
On  the  contrary,  in  a  collected  series  of  forty  cases  he  found  that  in 
two-thirds  the  effusion  was  on  the  right.  Other  causes  must  therefore 
be  invoked.  Garland  thinks  there  is  often  a  fatal  pressure  upon,  the 
right  auricle ;  and  Fraentzel  also  agrees  with  Lichtheim  that  a  sud- 
den compression  of  the  heart,  such  as  may  occur  in  a  rapidly  formed 
effusion  before  the  heart  has  had  time  to  adapt  itself  to  the  new  con- 
ditions, maybe  a  cause  of  death.  Other  cases  may  depend  upon  a 
fatty  degeneration  of  the  heart  or  other  alterations  of  the  myocardium 
caused  by  pressure  (Raynaud,  See,  Comby).  Pericarditis  maybe  an 
important  factor  in  producing  the  same  effect.  The  majority  of  cases, 
according  to  French  observers  (Blachez,  Negrier,  Netter) ,  result  from 
thrombosis  of  the  right  heart  and  pulmonary  artery,  or  from  an  em- 
bolus of  the  latter  detached  from  a  cardiac  thrombus.  "  The  patient 
is  suddenly  seized  with  great  anxiety,  extreme  dj^spnoea,  and  a  sharp 
epigastric  pain ;  the  body  is  covered  with  sweat,  the  pulse  is  small 
and  irregular,  the  heart  sounds  are  indistinct  and  tumultuous;  the 
voice  becomes  feeble ;  the  i)atient  casts  a  frightened  glance  about  him, 
clutches  desperately  at  the  bed  clothes,  and  falls  dead  upon  the  pil- 
low.   The  whole  scene  has  lasted  ten  minutes  at  the  most"  (Blachez). 

Earely,  sudden  death  has  resulted  from  aspiration.  In  some  of 
these  instances  the  shock  of  puncture  alone  has  undoubtedly  been 
sufficient  to  cause  a  fatal  syncope  in  an  already  damaged  heart;  I 
know  personally  of  such  a  case  in  which  death  followed  a  simple 
exploratory  puncture.  In  other  cases  it  may  be  that  the  theory  of 
Hagen-Torn  is  correct — increased  negative  pressure  in  the  thorax 
from  aspiration,  with  consequent  overfilling  and  paralysis  of  the  right 
heart. 

Sudden  death,  apart  from  instances  due  to  aspiration,  is  an  acci- 
dent which  occurs  only  in  the  more  acute  forms  of  pleurisy. 

Sequelae  of  Pleueisy. 

These  may  be  considered  in  the  three  following  groups : 
Tuberculosis  of  Other  Organs. — We  have  already  seen  with  what 
frequency  serofibrinous  pleurisy  is  foUowed  by  some  form  of  tuber- 


SEQUELS  OF  PLEURISY.  65 

culosis,  usually  pulmonary.  It  is,  however,  to  be  questioned  whether 
phthisis,  for  example,  is  to  be  regarded  as  in  any  true  sense  a  sequel 
of  pleurisy.  It  is  quite  possible,  as  we  have  shown,  that  the  latter 
may  be  simply  an  early  manifestation  of  infection.  At  all  events,  it 
is  unnecessary  to  repeat  what  has  already  been  said  as  to  the  relation 
between  these  two  diseases. 

Pleural  Thickening  and  Adhesions. — A  large  proportion  of  all  cases 
of  pleurisy,  of  whatever  form,  have  no  local  consequences  other  than 
the  production  of  adhesions  between  the  opfjosite  pleural  surfaces. 
These  adhesions  vary  greatly  in  extent,  but  are  rarely  suflScient  to 
impair  seriously  the  functional  activity  of  the  lung.  They  consist 
of  delicate  cicatricial  bands  and  cords,  which,  once  formed,  are  usu- 
ally definite,  and  remain  unaltered  through  life.  A  diminished  in- 
spiratory expansion  of  the  pulmonarj^  margin  is  the  only  evidence  of 
their  presence.  Possibly,  when  the  jjleural  synechia  is  universal, 
the  bronchi  are  less  able  to  empty  themselves  than  under  normal 
conditions;  and  there  may  be  therefore  a  greater  tendency  to  inveter- 
ate bronchial  catarrhs  and  disturbances  of  the  pulmonary  circulation. 
When  the  great  frec^uency  of  pleural  adhesions  is  considered  (eighty 
per  cent,  of  all  individuals — Smith),  it  seems  very  doubtful  whether 
these  alone  are  often  responsible  for  any  serious  impairment  of  the 
general  health. 

But  in  a  few  cases  of  both  diy  and  serofibrinous  pleuiisy,  and  still 
oftener  in  empyema,  much  more  is  left  behind  than  simple  adhesions. 
Either  as  a  result  of  recurrent  inflammation  or  because  the  pleurisy 
is  in  its  very  nature  proliferative,  the  pleura  undergoes  a  gradual 
process  of  thickening.  In  serofibrinous  pleurisy  and  empyema  we 
often  look  for  this  result;  the  original  inflammatory  process  never 
subsides,  or  there  is  constant  recurrence,  and  the  case  from  the  out- 
set is  evidentl}^  chronic,  and  probably  tuberculous. 

It  is  otherwise  in  the  dry  form.  Sir  Andi'ew  Clark  has  called  es- 
pecial attention  to  certain  proliferate  forms  of  primary  dry  pleurisy 
which  are  fraught  \di\i  the  most  serious  consequences  as  regards  the 
subsequent  health  of  the  patient.  An  individual  has  an  apparently 
insignificant  attack  of  dry  pleurisy.  He  rapidly  recovers,  and  for  a 
long  time,  years  it  may  be,  no  effects  of  the  pleurisy  are  visible. 
His  health  remains  excellent;  he  suffers  at  most  from  some  cough  and 
tendency  to  bronchitis,  or  there  maj'  be  occasional  fleeting  pains  in 
the  side.  In  time,  however,  his  breathing  begins  to  be  slightly  af- 
fected and  he  has  some  dyspnoea  on  exertion.  His  cough  now  devel- 
ops a  paroxysmal  character,  and  the  accompanying  expectoration  is 
hard  to  raise.  Later  this  bronchial  insufficiency  is  attended  by  more 
or  less  septic  absorption,  and  the  general  health  begins  to  fail.  He 
Vol.  Yll.— 5 
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becomes  especially  liable  to  gastric  and  intestinal  catarrlis.  Finally 
albuminuria  appears,  the  condition  of  tlie  kidneys  is  from  now  on 
progressively  aggravated,  and  eventually  ends  life.  The  duration  of 
this  process  may  have  been  ten  or  twentj^  years,  or  even  more. 

Clark  made  a  very  careful  study  of  the  pathological  changes  in 
these  cases.  He  found  the  primary  condition  to  be  an  excessive  thick- 
ening of  the  adherent  pleurae,  usually  unilateral,  and  without  any  ap- 
pearances suggestive  of  tubercle.  In  some  instances  this  thickening 
amounted  in  places  to  one  and  one-half  inches.  The  particular  fea- 
ture of  the  process  was,  however,  the  condition  of  the  lung.  Bands  of 
connective  tissue  extended  from  the  pleura  for  a  varying  depth  into 
the  pulmonary  parenchyma,  sometimes  along  the  interlobular  septa, 
sometimes  along  the  bronchi,  again  following  the  course  of  the  ves- 
sels. The  fibroid  process  was  most  marked  at  the  periphery,  thus 
indicating  its  pleural  origin.  In  extreme  cases  the  whole  lung  was 
a  mass  of  dense  fibroid  tissue.  Often  there  was  a  secondary  dilata- 
tion of  the  bronchi,  a  bronchiectasis;  or,  again,  there  were  numer- 
ous cavities,  which  Clark  considered  necrotic  and  a  consequence  of 
fibroid  occlusion  of  the  terminal  vessels. 

Undoubtedly,  most  of  these  cases  of  primary  pleuritis  vegetans  are 
tuberculous.  The  thickened  pleura  is  then  found  on  section  to  con- 
sist of  diffuse  tuberculous  tissue,  partly  fibroid  and  partly  caseous. 
In  the  earlier  stages  grayish  or  grayish-yellow  tuberculous  nodules 
may  still  be  seen.  It  is  the  same  condition  which  in  other  cases  is 
attended  by  a  serofibrinous  or  purulent  effusion,  and  the  lung  may 
or  may  not  be  invaded  by  the  fibroid  process.  The  interesting  ques- 
tion which  Clark  has  raised  is  as  to  whether  such  chronic  thickening 
and  pulmonary  involvement  may  occasionally  develop  quite  indepen- 
dently of  tuberculosis.  Clark's  observations  would  seem  to  answer 
this  in  the  affirmative,  but  it  must  be  regarded  as  still  siih  judice. 

The  physical  signs  of  chronic  proliferative  pleurisy  are  much  the 
same,  whether  it  result  from  simple  dry  pleurisy,  as  Clark  main- 
tained, or  from  a  serous  or  purulent  form.  Cicatricial  contraction 
of  the  newly  formed  connective  tissue  in  pleurse  and  lung  results  in 
great  deformity  of  the  chest  and  more  or  less  typical  displacement  of 
organs.  The  affected  side  is  seen  on  inspection  to  be  much  smaller 
than  the  opposite ;  it  appears  sunken  and  depressed ;  the  shoulder 
droops,  the  lower  angle  of  the  scapula  tilts  slightly  outwards,  and 
there  is  a  lateral  curvature  of  the  spine — usually  with  its  convexity 
towards  the  sound  side.  The  lower  margin  of  the  ribs  is  nearer  the 
crest  of  the  ilium,  and  the  ribs  are  closer  together,  so  that  the  inter- 
costal spaces  are  narrowed. 

On  percussion  and  auscultation  the  signs  obtained  are  very  simi- 
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lar  to  those  of  a  moderate  effusion.  The  lower  half  of  the  chest,  at 
least,  is  quite  flat,  aud  the  upper  border  of  the  flat  area  may  resemble 
\ery  closely  tliat  of  a  moderate  effusion.  Respiration  below  is  much 
diminished  or  absent,  and  the  voice  sounds  are  distant  and  per- 
haps slightly  bronchial.  Pleural  rustlings,  creakings,  and  crack- 
lings (Clark)  are  often  abundant  over  the  whole  side;  they  bear  a 
close  resemblance  to  pulmonary  rales,  but  are  more  superficial  and 
are  unaffected  by  cough. 

I  confess  to  having  been  for  a  long  time  very  sceptical  as  to  the 
real  origin  of  such  sounds  in  the  pleura ;  but  I  now  believe  this  to  be 
comi)aratively  frequent.  I  have  at  this  moment  a  case  under  obser- 
vation in  which  the  crackling  to-and-fro  sound  heard  with  moderate 
breathing  becomes  an  unmistakable  grazing  friction  at  the  end  of 
deep  inspiration. 

Vocal  fremitus  is  said  by  Fraentzel  to  be  unaffected  by  pleural 
thickening ;  by  Clark,  Netter,  and  others  to  be  much  diminished.  In 
my  own  experience  it  has  varied  in  different  cases,  and  I  cannot  think 
that  it  has  any  great  diagnostic  value.  The  heart  maj-  be  varioush^ 
fixed  by  adhesions ;  usually  it  is  drawn  towards  the  affected  side. 
The  diaphragm  is  raised,  as  may  sometimes.be  recognized  by  widen- 
ing of  Traube's  space.  Over  the  upper  half  of  the  chest  the  signs 
vary  so  greatly,  according  to  the  condition  of  the  upper  lobe  of  the 
lung,  that  it  is  impossible  here  to  attempt  their  description. 

To  distinguish  this  condition  from  effusion  is  often  very  difficult. 
Usually,  of  course,  the  past  history,  the  sunken  apjjearance  of  the 
chest,  and  the  displacement  of  organs  towards  rather  than  away  from 
the  affected  side,  will  establish  the  diagnosis.  When,  however,  there 
are  at  the  same  time  some  signs  of  fresh  pleurisy,  such  as  pain  and 
daily  hectic,  it  may  often  be  impossible  to  decide  as  to  the  presence 
of  fluid,  without  exploratory  puncture. 

Even  puncture  may  fail.  I  have  within  the  past  month  operated 
upon  a  case  of  empj^ema  in  which  for  three  years  the  signs  of  old 
pleural  thickening  and  retraction  had  remained  unchanged.  The 
subject  was  tuberculous,  and  four  months  ago  began  to  have  a  daily 
hectic.  In  great  doubt  as  to  the  cause  of  fever — whether  pleural  or 
pulmonary  inflammation — I  made  at  different  times  six  exploratory 
punctures  over  the  flat  area,  with  negative  result.  It  was  onlj^  when 
the  patient  was  in  extremis  that  a  new  zone  of  flatness  appeared  just 
above  the  liver  in  front,  and  a  seventh  puncture  gave  exit  to  pus. 
Resection  and  drainage  are  now  resulting  in  speedy  recovery. 

The  eventual  outcome  of  chronic  pleurisy  and  fibroid  lung  is  al- 
ways fatal.  Pulmonary  tuberculosis,  if  not  already  developed,  must 
be  regarded  as  constantly  threatening.     If  this  is  escaped  and  life 


.68  WHITNEY — DISEASES  OF  THE  PLEURA. 

is  sufficiently  prolonged,  the  patient  will  in  most  cases  eveutuallv 
succumb  to  clironic  Bright 's  disease  or  to  slow  sepsis  or  to  a  dila- 
tation of  the  right  ventricle. 

Amyloid  Degeneration. — Long  continued  suppuration  of  the  pleura 
not  infrequently  results  in  amyloid  degeneration  of  the  liver,  spleen, 
kidneys,  and  other  viscera.  This  condition  is  oftenest  consequent 
upon  old  fistulje,  and  is  then  to  be  regarded  as  one  of  the  dangers 
which  constantly  threaten  life. 

Diagnosis  of  Pleueisy. 

Friction  is  an  absolutely  pathognomonic  sign  of  dry  pleurisy. 
Since  there  is  no  sound  more  characteristic  and  easily  recognized 
than  friction,  and  since  this  sign  is  very  constant,  it  follows  that  the 
diagnosis  of  dry  pleurisy  is,  in  the  great  majority  of  cases,  extremely 
easy.  Rarely  friction  is  not  produced;  or,  if  present,  it  cannot  be 
heard  because  of  its  situation  (interlobar,  diaj)hragmatic).  A  posi- 
tive diagnosis  then  becomes  impossible.  In  a  previously  healthy 
individual  a  sudden  pain  in  the  chest,  which  is  aggravated  by  deep 
inspiration  and  attended  by  fever,  is  probably  pleuritic.  Intercostal 
neuralgia  and  pleurodynia  are  afebrile  affections ;  they  may,  however, 
occur  in  a  person  wlio  already  has  fever — as,  for  example,  in  phthisis 
—and  then  there  will  be  considerable  uncei-tainty. 

Serojibrinous  pleurisy  cannot  be  distinguished  from  the  dry  form 
until  signs  of  effusion  actually  appear.  This  might  be  anticipated 
when  it  is  considered  that  there  is  probably  no  essential  etiological 
dift'erence  between  the  two  forms.  In  general,  effusion  is  the  se- 
verer affection,  and  its  onset  is  more  violent.  Fever  is  more  apt  to 
remain  continuously  high  from  the  start,  whereas  in  dry  pleurisy  it 
usually  falls  after  twenty-four  to  forty-eight  hours. 

At  a  very  early  period  acute  pleurisy  may  closely  resemble  pneu- 
monia. The  absence  of  rigor  is  a  valuable  criterion.  In  pleurisy 
friction  is  generally  pronounced  from  the  onset.  In  pneumonia  the 
early  signs  are  pulmonary,  and  friction  appears  later,  if  at  all.  Pneu- 
monia causes  a  dyspnoea,  which  is  more  genuine  and  profound;  it 
has  not  the  same  jerky  and  superficial  character  as  in  pleurisy,  and 
it  gives  rise  to  greater  cyanosis.  After  one  or  two  days  the  physical 
signs  of  pneumonia  become  sufficiently  characteristic.  Diaphragm- 
atic pleurisy  may  at  the  outset  closely  simulate  an  acute  abdominal 
affection.  Attention  has  already  been  called  in  the  description  of 
this  form  to  the  points  of  differential  diagnosis. 

The  onset  oi  pundent pleurisy  may  be  suspected  if  the  initial  rigor 
is  severe;  if  one  of  the  common  causes  of  empyema,  such  as  pneu- 
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rnonia  or  scarlet  fever,  lias  preceded ;  if  the  pleuritic  pain  is  unusu- 
ally severe  and  prolonged;  if  a  high  initial  temperature — of  104°  F. 
or  more — is  maintained  from  the  outset,  with  perhaps  recurrent 
chills;  and,  especially',  if  there  is  rapid  development  of  the  typhoid 
condition,  with  delirium,  brown  tongue,  and  great  prostration.  In 
the  great  majority  of  cases  the  onset  is  not  so  violent  and  there  is 
nothing  to  suggest  supi^uration. 

The  diagnosis  of  effusion  must  depend  almost  entirely  on  the  physi- 
cal signs  caused  by  the  presence  of  fluid.  It  cannot,  therefore,  be 
made  until  from  two  to  five  days  have  elapsed  since  the  initial  pain, 
and  then  onlj'-  if  the  quantity  of  fluid  exceeds  at  least  half  a  pint,  and 
is  not  so  confined  by  adhesions  that  it  cannot  reach  the  surface  of  the 
chest. 

There  is  no  pathognomonic  sign  of  a  pleuritic  effusion ;  and  yet 
there  is  no  condition  of  which  the  diagnosis  can  be  made  with  so 
much  certainty  by  the  simple  methods  of  physical  examination. 
This  certainly'  is  possible  whenever  there  is  a  combination  of  the  fol- 
lowing signs:  1.  An  area  of  flatness,  which  has  a  certain  definite 
form;  2.  Absent  or  diminished  or  bronchial  respiration,  without 
rales,  over  this  flat  area;  3.  Diminished  vocal  fremitus. 

The  shape  of  the  area  of  flatness  on  percussion  varies,  as  we  have 
seen,  according  to  the  quantity  of  fluid.  It  is,  however,  characteris- 
tic in  each  of  its  three  forms,  and  its  upper  boundary  will  be  found  to 
present  the  following  curves:  1.  In  small  effusion  the  "convex 
curve,"  which  is  highest  at  the  spine;  2.  In  moderate  effusion  the 
"letter  of  S  curve,"  highest  in  the  axilla;  3.  In  large  effusion  a 
curve  with  ui)ward  concavity  which  intersects  the  clavicle.  In 
small  and  moderate  effusions  the  diagnostic  importance  of  these 
curves  cannot  be  overestimated.  It  would,  of  course,  be  futile  to 
attempt  to  estimate  the  exact  relative  value  of  each  of  the  various 
signs  in  the  diagnosis  of  pleurisj^  In  most  cases  one  confii'ms  the 
other,  and  we  depend  upon  the  sum  total  of  evidence  in  reaching  a 
conclusion.  But  it  is  just  because  so  little  is  said  h\  most  authors 
in  regard  to  these  curves,  that  I  wish  to  bring  this  point  into  strong 
relief.  Flatness  may  result  from  numerous  other  conditions,  such  as 
cancer,  hydatids,  and  fibroid  phthisis.  The  same  is  true  of  the  various 
auscultatory  signs — none  of  them  is  constant,  and  none  peculiar  to 
effusion.  Fine  moist  rales  may  be  heard  clear  to  the  base  of  the  chest. 
Vocal  fremitus  is,  it  is  true,  almost  invariably  absent  over  fluid,  and 
is  certainly  a  sign  of  extreme  value ;  but  it  may  be  present  in  effu- 
sion, and  absent  over  a  consolidated  lung  if  the  bronchi  chance  to  be 
occluded.  On  the  other  hand,  the  effusion  curve  is  a  sign  which 
comes  very  near  being   pathognomonic.     In  an  overwhelming   ma- 
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joritv  of  cases  it  means  either  an  effusion  or  tlie  fibrinous  deijosit  or 
pleural  thickening  which  an  effusion  has  left  behind.  It  cannot,  of 
course,  be  denied  that  consolidation  might  possibly  produce  a  dull 
area  of  similar  contour ;  but  a  long  series  of  cases  has  shown  me  that 
this  must  be  an  exceedingly  rare  occurrence.  I  would  insist  particu- 
larly upon  the  constancy  of  the  curve  which  I  have  described  as  the 
"convex,"  aud  upon  the  ease  with  which  by  its  aid  these  small  effu- 
sions may  be  recognized. 

The  diagnosis  of  large  effusion  is  so  easy  that  it  needs  no  discus- 
sion. The  combination  of  flatness  on  percussion,  involving  a  whole 
side,  with  marked  displacement  of  the  heart  and  diaphragm,  can 
hardly  suggest  anything  but  fluid. 

The  affections  with  which  the  more  moderate  effusions  are  liable 
to  be  confounded  are : 

Pneumonia. — Flatness  instead  of  dulness,  voice  and  respiration 
diminished  instead  of  increased  or  bronchial,  fremitus  also  dimin- 
ished or  quite  absent,  no  rales — these  are  the  signs  usually  given  as 
indicating  effusion  rather  than  consolidation.  A  loud  bronchial  res- 
piration with  bronchophony  may  be  heard  over  an  effusion;  and  if 
the  latter  happens  to  be  of  moderate  size,  the  resemblance  to  a  con- 
solidated lower  lobe  will  be  very  great;  but  percussion  will  almost  in- 
variably decide  the  question.  In  pneumonia  the  dull  area  is  bounded 
above  by  the  interlobar  fissure— a  line  extending  from  the  third  dorsal 
vertebra  outwards  and  downwards  to  the  base  near  the  mammary  line. 
It  is  therefore  highest  at  the  spine;  whereas,  as  we  have  seen,  a 
moderate  effusion  is  lowest  at  the  spine  and  highest  at  the  axiUa.  A 
sharper  contrast  could  hardly  be  presented. 

Pericardial  effusion,  when  enormous,  is  said  to  have  been  often 
mistaken  for  a  pleural.  Such  instances  are  difficult  to  comprehend. 
A  pericardial  effusion,  however  large,  still  retains  its  peculiar  shape, 
and  produces  a  perfectly  characteristic  area  of  precordial  flatness 
which  a  pleural  effusion  could  scarcely  simulate. 

An  upward  displacement  of  the  liver,  or  a  suhplirenic  abscess,  may 
produce  a  zone  of  flatness  at  the  base  of  the  chest,  which  may  reach 
as  high  as  the  fourth  rib  in  front,  and  behind  present  an  upper  level 
which  is  several  inches  above  the  base  of  the  opposite  lung.  But  the 
characteristic  feature  of  upward  displacement  of  the  diaphragm  is 
precisely  this  upper  level;  the  upper  border  of  effusion  is  never  level, 
that  of  displacement  is  invariably  so. 

Tumors  of  the  liver,  growing  from  its  convexity,  may  simulate 
effusion;  but,  aside  from  other  more  or  less  suggestive  abdominal 
symptoms,  the  area  of  flatness  produced  by  such  tumors  would  rarely 
resemble  the  line  of  a  typical  effusion.     The  line  of  hepatic  flatness 
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presents  an  iiTegular  bulging,  wliioli  may  be  in  front,  behind,  or  in 
the  axilla.  In  a  case  of  large  central  abscess  of  the  liver,  I  found,  for 
example,  the  upi^er  border  of  the  liver  at  the  fourth  rib  in  front,  but 
in  about  the  normal  situation  behind. 

Is  it  possible  to  determine  the  character  of  a  pleurisy  from  an  eti- 
ological standpoint?  Can  we,  for ■  examijle,  decide  whether  or  not  it 
is  tuberculous?  Unfortunately,  not  with  certainty,  though  data  upon 
which  we  may  base  a  diagnosis  are  not,  as  a  nile,  entirely  lacking. 
Tuberculous  pleurisy  is,  in  a  certain  degree,  probable  under  the  fol- 
lowing conditions :  A  tuberculous  ancestry — not,  however,  important 
evidence;  signs  of  pulmonary  tuberculosis  in  the  affected  individual; 
enlarged  axillary  or  cervical  glands ;  latent  character  of  the  effusion 
and  tendency  to  chronicity,  as  shown  by  repeated  recurrence  after 
puncture;  sterile  character  of  the  aspirated  fluid,  unless,  as  rarely 
happens,  it  is  found  to  contain  tubercle  bacilli  on  microscopical  ex- 
amination, or  tuberculosis  is  demonstrated  by  inoculation.  If  the 
pneumococcus  is  responsible  for  the  pleurisy,  this  microbe  is  usually 
I)resent  in  the  fluid,  and  can  be  recognized  under  the  microscope  or 
by  culture.  The  same  is  true  of  the  Eberth  bacillus  of  typhoid. 
Rheumatic  effusions  appear  to  have  received  hitherto  but  little  at- 
tention. I  can  find  no  special  observations  as  to  their  bacteriological 
character. 

The  amount  of  fluid  can  he  only  approximately  estimated.  The 
very  discovery  of  effusion  jjresupposes,  as  we  have  seen,  the  presence 
of  at  least  a  pint.  Weil  concludes  from  experiments  upon  animals 
that  a  normal  adult  pleura  will  hold  about  five  pints  of  fluid  at  the 
moment  of  complete  retraction  of  the  lung,  as  determined  by  the  ap- 
pearance of  high-pitched  tympany  in  front.  A  further  increase  can 
only  be  estimated  from  the  degree  of  displacement.  Gerhardt  states 
that  twenty  pints  have  been  found  in  a  single  pleural  cavity. 

The  diagnosis  of  enrpijema,  as  distinguished  from  simple  or  hemor- 
rhagic effusion,  can  be  made  only  by  exploratory  puncture.  All  other 
signs  are  inconstant  and  often  misleading.  Local  oedema  is  found  in 
only  a  small  minority  of  cases,  valuable  as  it  is  when  present.  It  is 
extremely  unwise  to  depend  upon  the  development  of  a  hectic  fever 
with  marked  oscillations ;  for,  on  the  one  hand,  constant  fever  is  com- 
mon enough  in  serofibrinous  pleurisy,  and  on  the  other,  an  empyema 
may  produce  only  the  most  trivial  rise  of  temperature.  Repeated 
rigors  in  empyema  are  very  rare.  Clubbing  of  the  fingers  and  oedema 
of  the  lower  extremities  are,  when  present,  fairly  good  signs  of  pus ; 
they  are  not  frequent,  and  are  of  late  appearance.  In  short,  there  is, 
in  a  very  great  majority  of  cases,  the  utmost  difficulty  in  deciding  as 
to  the  character  of  an  effusion  without  exploratory  puncture. 
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Exploratory  Puncture. — As  far  as  I  am  aware,  there  is  absolutely 
no  contraindication  to  the  use  of  this  means  of  diagnosis.  The  pain 
is  trivial;  and  by  the  preliminary  injection  of  a  few  drops  of  a  one- 
per-cent.  solution  of  cocaine,  as  is  often  advisable  in  children,  it  may 
be  entirely  avoided.  The  objection  that  it  maj'^  transform  a  sero- 
fibrinous into  a  purulent  exudate  is  now  rarely  heard,  for  it  is  now  rec- 
ognized that  this  change  often  occurs  where  there  is  no  interference 
whatever,  and,  furthermore,  all  danger  may  be  avoided  by  the  use 
of  a  needle  which  has  been  thoroughly  boiled. 

An  excellent  method  of  disinfecting  an  ordinary  hypodermic  syr- 
inge has  recently  been  suggested  by  Hofmeister,  and  successfully 
used  by  Powers.  The  leather  washers  and  plunger  are  first  soaked 
for  twenty-four  hours  in  a  four-per-cent.  solution  of  formalin.  The 
syringe  is  then  put  together,  filled  with  water  so  that  all  air  is  ex- 
pelled, and  boiled  for  thirty  minutes.  The  action  of  the  formalin  ap- 
pears to  prevent  any  injurious  effect  of  heat  upon  the  leather.  How- 
ever, any  possible  contamination  of  a  syringe  by  exploratory  puncture 
may  be  prevented  by  the  insertion  of  a  short-rubber  tube  with  glass 
window  between  the  syringe  and  needle,  as  recommended  by  Griffith. 
The  fluid  then  does  not  enter  the  syringe  at  all. 

An  ordinary  hypodermic  needle  is  too  short  to  insure  certainty  of 
reaching  the  fluid.  At  the  same  time  it  is  usually  unnecessary  to 
employ  the  larger  and  more  painful  needles  which  are  generally  sold 
for  this  purpose.  The  one  which  I  have  always  used  measures  one 
and  one-half  inches  to  the  shoulder,  and  is  of  but  slightly  larger  cali- 
bre than  the  ordinary  hypodermic  needle;  it  has  proved  quite  satis- 
factory. The  point  of  puncture  is  immaterial,  so  long  as  it  is  well 
within  the  flat  area  and  above  the  diaphragm,  as  shown  by  percussion 
of  the  opposite  side.  The  needle,  with  syringe  attached,  should  be 
thrust  steadily  through  the  middle  of  the  intercostal  space ;  a  boring 
motion  is  to  be  avoided  as  causing  unnecessary  pain. 

By  exploratory  puncture  we  are  able  to  establish  the  diagnosis  of 
fluid;  to  determine  the  character  of  the  exudate,  whether  serous, 
hemorrhagic,  or  purulent;  and,  finally,  by  its  appearance  and  bacte- 
riological content,  to  obtain  valuable  information  as  to  prognosis  and 
treatment. 

The  form  of  empyema  can  be  established  with  certainty  only  by 
bacteriological  methods,  though  the  physical  qualities  of  the  pus  are 
not  without  great  suggestive  value;  for  the  latter,  however,  reference 
must  be  made  to  the  section  on  Symptomatology.  One  word  as  to 
the  microscopical  appearance  of  certain  bacteria :  The  pneumococcus, 
when  colored  with  gentian  violet,  is  found  in  chains,  composed  of 
elements  which  have  a  markedly  lanceolate  form,  and  which  are  nearly 
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always  surrounded  by  a  similarly  stained  capsule.  The  streptococcus, 
colored  in  the  same  way,  appears  also  in  chains ;  but  the  individual 
cocci  are  round  instead  of  lanceolate,  and  the  chains  are  both  longer 
and  less  rigid  thaii  those  of  the  jjneumococcus.  In  both  of  these 
forms  the  only  absolute  test  is  by  culture.  The  bacillus  tuberculosis, 
unlike  the  preceding,  is  not  constantly  or  even  often  discoverable, 
either  by  microscoije  or  culture.  Ehrlich,  in  19  cases,  found  the  ba- 
cillus in  only  7;  Netter,  in  13  cases,  in  5;  Netter,  however,  obtained 
positive  results  by  inoculation  in  all  of  12  cases  thus  examined.  A 
tuberculous  empyema  can  therefore  be  excluded  only  b}^  inoculation; 
and  it  is  also  to  be  noted  that  the  presence  of  staphylococci,  or  of 
no  pathogenic  organisms  whatever,  affords  strong  presumptive  evi- 
dence that  the  pus  is  tuberculous. 

Prognosis  of  Pleurisy. 

Primary  dry  pleurisy  is  almost  always  of  short  duration  and  favor- 
able outcome.  In  from  two  to  five  days  fever  and  pain  have,  as  a  rule, 
entirely  disappeared.  Friction  may  persist  for  some  time,  but  even- 
tually there  is  a  complete  return  to  normal  conditions,  with  the  ex- 
ception of  more  or  less  adhesion  between  the  opposite  pleural  layers. 
In  rare  instances,  however,  the  primary  attack  is  the  beginning  of  a 
chronic  proliferative  process,  which  results  after  many  years  in  tho- 
racic deformity  and  serious  invasion  of  the  lung.  Such  an  outcome 
cannot  be  foreseen.  Secondary  dry  pleurisy  is  entirely  under  the  de- 
pendence of  the  primary  affection. 

Serofibrinous  pleurisy  is  also  of  itself  a  benign  disease.  Taking 
all  forms  and  varieties,  Engster  saw  but  3  deaths  in  107  cases ;  Catrin 
only  1  death  in  73.  The  immediate  prognosis  is  always  good,  unless 
the  pleurisy  is  secondary  to  some  dangerous  affection.  At  the  pres- 
ent day,  when  the  effusion  is  not  allowed  to  become  large,  sudden 
death  from  syncope  or  pulmonary  oedema  is  very  exceptional.  Bare- 
ly, a  complicating  pericarditis  may  necessitate  caution. 

As  to  the  duration  of  an  effusion,  the  prognosis  must  be  made 
with  more  reserve.  The  disease  has  a  certain  tendency  to  pursue  a 
cyclic  course ;  and  most  small  and  moderate  effusions  of  acute  on- 
set, such  as  constitute  the  majority  of  primary  forms,  disappear 
entirely  in  from  four  to  six  weeks.  But  in  certain  cases  the  course 
is  more  prolonged ;  instead  of  coming  to  a  standstill  at  the  end  of 
eight  or  ten  days,  the  effusion  continues  steadily  to  increase ;  or,  if 
removed  by  aspiration,  it  persistently  reforms.  The  prognosis  of 
these  cases  is  materially  worse.  They  may  recover  after  months  of 
oscillation;  but  there  is  a  strong  liability  that  the  eventual  outcome 
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will  be  at  least  a  permanent  contraction  of  tlie  chest.  Sometimes  an 
effusionj  if  left  to  itself,  remains  permanently  unabsorbed,  although 
the  inflammatory  process  itself  has  subsided.  Such  a  condition  is 
not  incompatible  with  a  fair  degree  of  health,  and  effusions  have  thus 
remained  for  ten  or  even  twenty  years.  These  cases,  as  well  as  the 
more  latent  forms  whose  onset  is  unnoticed,  are  especially  apt  to  be 
tuberculous.  Indeed,  as  we  have  seen,  many  recent  authors  think  that 
seventy  to  eighty  per  cent,  of  all  primary  cases  are  tuberculous,  but 
that  the  tendency'  of  the  majority  of  these  is  to  spontaneous  recovery. 
Whatever  may  be  the  truth,  it  is  certain  that  the  larger  and  more  per- 
sistent the  effusion,  the  greater  is  the  i)robability  of  a  permanently 
impaired  lung  and  the  more  guarded  should  be  the  prognosis. 

Attention  has  ah-eady  been  called,  in  considering  the  etiology  of 
serofibrinous  pleurisy,  to  another  and  more  important  relation  of  this 
disease  to  tuberculosis.  We  do  not,  after  all,  care  so  much  as  to 
whether  all  primary  pleurisies  are  tuberculous  as  we  do  about  the 
future  health  of  the  individual.  Is  he  or  is  he  not  more  liable  to  fatal 
forms  of  tuberculous  disease?  It  seems  that  this  question  is  to  be 
answered  unhesitatingly  in  the  affirmative;  and  from  the  statistics 
already  given,  it  seems  that  at  least  thirty  per  cent,  of  such  individ- 
uals eventually  die  of  phthisis.  While  these  facts  by  no  means 
justify  us  in  filhng  the  patient  with,  undue  alarm,  they  should  at  least 
lead  to  the  exercise  of  the  utmost  prudence  and  caution  in  advising 
him  as  to  his  future  life  and  occupation. 

The  prognosis  of  empyema  can  hardly  be  considered  apart  from  its 
operative  treatment.  Left  to  itself,  it  is  an  unusually  fatal  affection; 
submitted  to  the  benign  influence  of  modern  surgery,  there  are,  in 
general,  few  conditions  whose  outcome  is  so  satisfactorj".  Still, 
though  spontaneous  recoverj^  is  never  to  be  awaited,  it  is  not  impos- 
sible. The  most  favorable  event  is  evacuation  by  vomica,  the  pus 
gradually  filtering  through  the  lung  without  the  production  of  pneu- 
mothorax. This  is  comparatively  common  in  the  pneumococcus  form 
— Jaccoud  says  in  twenty -five  per  cent,  of  all  cases ;  Netter,  in  even 
forty  per  cent.  It  is  of  rather  late  occurrence,  a  case  of  Gerhardt's  on 
the  eighteenth  day  being  probably  the  earliest  recorded.  An  exter- 
nal opening  through  an  intercostal  space  is  far  less  favorable.  Drain- 
age is  usually  imperfect,  septic  absorption  continues,  and  either  the 
patient  rapidly  fails,  or  a  fistulous  opening  is  left  behind  which  is 
liable  to  result  eventually  in  amyloid  degeneration  of  the  important 
viscera.  Still,  such  fistulse  have  been  supported  for  long  periods  of 
years.  Other  spontaneous  openings  than  those  mentioned  are  usu- 
ally fatal,  though  Morgan  has  observed  a  case  of  recovery  in  which 
pointing  occurred  at  the  crest  of  the  ilium. 
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In  the  rarest  of  instances  the  punilent  exudate  has  been  absorbed 
and  a  spontaneous  cure  effected  without  evacuation.  Such  cases  have 
been  reported  by  Dieuhifoy,  Israel,  Gerhardt,  and  other  equally  reli- 
able authorities.  Most  if  not  all  of  these  emi)yemas  were  undoubt- 
edly pneumococcal. 

In  still  other  exceptional  cases  the  pus  after  a  time  entirely  loses 
its  virulence,  or,  perhaps,  as  in  many  tuberculous  forms,  it  has  had 
but  little  from  the  outset.  Contained  within  greatly  thickened  walls, 
which  resemble  those  of  a  cold  abscess,  it  neither  increases  in  quan- 
tity nor  undergoes  absorption,  and  may  thus  remain  unchanged  for 
years.  While  such  conditions  are  not  incompatible  with  a  fair  state 
of  health  for  a  time,  life  is  sooner  or  later  ended  by  the  development 
of  pulmonary  i:)hthisis  or  other  tuberculous  affection. 

It  is  quite  a  different  matter  when  an  empyema  is  submitted  to 
adequate  and  timely  operation.  Recovery  now  becomes  the  rule,  and 
in  certain  forms  of  the  disease  is  almost  invariable.  A  few  statis- 
tics will  illustrate  the  possibilities  of  modern  surgery  in  dealing  with 
this  affection.  Koenig  reports  a  series  of  76  consecutive  cases 
which  have  come  under  his  care  during  the  past  twelve  years;  of 
these,  12  died — 4  from  pysemia  before  operation,  2  from  tuberculous 
I)ueumothorax,  1  from  peritonitis — in  fact,  all  from  causes  practically 
independent  of  the  empyema.  Of  the  66  uncomplicated  cases,  3  dis- 
appeared before  recovery  and  were  not  again  heard  from,  3  had  incur- 
able fistulae  from  pulmonary  contraction,  and  1  was  still  under  treat- 
ment; the  remaining  59  were  all  completely  cured.  Cabot  and  Eddi- 
son  obtained  34  complete  recoveries  out  of  40  cases  operated  upon ;  of 
the  remaining,  4  died  and  2  had  fistulge.  Kuneberg  reports  58  cases 
treated  at  the  Helsingfors  Clinic  from  1885  to  1890,  all  wholly  cured, 
with  the  exception  of  2 ;  the  average  duration  was  fifty -two  daj's. 

The  prognosis  of  empyema  in  children  is  even  more  favorable 
down  to  the  age  of  three,  under  which,  however,  it  grows  progres- 
sively worse.  This  is  sho-RTi  by  a  number  of  series  reported  by 
Wightman :  At  the  Birmingham  and  Midland  Hospital  for  Sick  Chil- 
dren, 123  patients  were  operated  on  during  five  years ;  in  the  80  chil- 
dren over  three  years  of  age  there  were  but  2  deaths ;  in  the  43  under 
three,  the  deaths  were  18.  Again,  at  the  Liverpool  Children's  Hos- 
pital, of  36  cases  under  three  years,  18  were  fatal.  At  Guy's  Hos- 
pital, there  were  19  fatal  cases  out  of  a  total  of  29.  These  figures 
seem  to  indicate  that  the  mortality  in  children  under  three  years  of 
age  is  not  far  from  fifty  per  cent.  Above  that  age  it  is  extremely 
small,  as  may  be  judged  from  the  above  80  cases  of  Wightman,  and 
from  Holt's  series  of  63  operations  in  children,  with  only  2  deaths. 
•    Probabl}^  the  results  in  the  cases  collected  by  Koenig  and  Eune- 
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berg  were  unusually  favorable,  and  would  hardly  represent  the  ordi- 
nary hazard  of  the  average  adult  case.  Danger  may  lie  in  the  nature 
of  the  primary  disease,  as,  for  example,  puerperal  peritonitis,  which 
may  of  itself  preclude  recovery ;  or  a  case  may  be  accompanied  by  a 
suppurative  pericarditis,  an  especially  frequent  and  dangerous  com- 
plication ;  or  the  variety  of  empyema  may  be  putrid — possibly  from 
the  beginning — and  thus  greatly  increase  the  chances  of  an  unfavor- 
able result. 

It  would  be  of  great  value  if  statistics  could  be  given  as  to  the 
mortality  of  the  different  microbic  forms  of  empyema.  Thus  far 
very  few  such  have  been  made.  Netter,  in  1889,  reported  a  mortality 
of  about  2  per  cent,  in  cases  of  metapneumonic  empyema,  as  against 
15  per  cent,  in  other  forms.  Prudden  states  that  of  8  streptococcus 
cases,  5  resulted  fatally;  and  of  11  pneumococcus,  only  2.  These  sta- 
tistics, though  few,  illustrate  a  point  upon  which  there  is  universal 
agreement — the  course  of  pnewnococciis  empyema  is  essentially  mild  and 
benignant.  This  fact  has  been  deduced  from  a  study  of  cases  exam- 
ined bacteriologically.  It  is  also  in  remarkable  accord  with  clinical 
observation,  which  has  long  noted  the  relatively  favorable  course  of 
empyemas  following  pneumonia,'  and  especially  of  the  disease  in 
childhood,  which  now  appears  to  be  pneumococcal  in  seventy -five  per 
cent,  of  all  cases.  Observers  are  also  agreed  that  the  streptococcal 
form  of  empyema  is  more  severe.  Probably  here,  also,  when  the 
primary  disease  permits,  the  great  majority  of  cases  can  be  brought 
to  a  favorable  issue.  A  few  are  unusually  virulent,  and  from  the  very 
outset  it  is  apparent  that  life  is  seriously  threatened;  Churton  re- 
ports two  cases,  following  influenza  and  presumably  streptococcal,  in 
which  intervals  of  only  three  and  four  days  intervened  between  the 
initial  rigor  and  the  fatal  issue.  Purely  staphylococcal  forms  are 
likely  to  be  tuberculous,  and  to  pursue  the  same  ultimately  fatal 
course  as  most  tuberculous  processes.  Other  cases  are  so  frequently 
associated  with  pyaemia  that  the  prognosis  must  always  be  necessarily 
grave;  still,  recovery  after  operation  is  possible. 

The  course  of  tuberculous  empyema  is  in  one  sense  peculiarly 
benign.  Frequently  unaccompanied  by  fever,  it  may  for  j^ears  have 
no  marked  effect  upon  the  general  nutrition,  so  that  the  patient  is 
able  to  pursue  his  usual  occupation.  Eventually,  however,  death 
occurs  from  some  intercurrent  4isease,  most  frequently  from  pul- 
monary phthisis. 

Putrid  forms  of  empyema  are  the  most  unfavorable  of  all.  Kune- 
berg  in  ten  cases  had  four  deaths  and  only  four  complete  recoveries ; 
all  of  these  were  operated.  In  four  cases  reported  by  Prudden  there 
were  no  recoveries. 
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Treatment  of  Pleurisy. 
Initial  Stage. 

The  first  indication  in  a  ease  of  acute  pleurisy  is  usually  to  re- 
lieve pain.  For  this  purpose  opiam  in  some  form  is  almost  invariably 
necessary.  The  hypodermic  method  is  preferable,  since  it  can  be 
repeated  without  danger  until  entire  relief  is  assured.  If  the  pain 
is  less  severe  and  there  is  a  troublesome  cough,  one-half-grain  doses 
of  codeine  may  be  given  every  four  to  six  hours ;  or  one-one-hundredth 
to  one-fiftieth-grain  doses  of  morphine  may  be  prescribed  hourly 
until  the  sj'mptoms  are  improved. 

Locally  a  certain  amount  of  revulsion  is  desirable,  both  because 
of  the  relief  it  affords  and,  as  some  think,  in  order  to  diminish  pleu- 
ral congestion.  Some  authorities  still  warmh^  defend  the  local  ab- 
straction of  blood  by  wet  cups  or  leeches  (Fraentzel,  Bouillaud,  Pe- 
ter) ;  and  some  go  so  far  as  to  recommend  venesection.  Fraentzel, 
writing  in  1880,  ad^dses  also  the  use  of  mercurials,  preferably  by  in- 
unction. The  great  weight  of  opinion,  especially  in  the  United 
States,  is  strongly  against  these  methods.  It  is  thought  that  they 
neither  prevent  nor  lessen  the  development  of  effusion,  while  it  is 
certain  that  they  reduce  the  patient's  strength.  French  authors 
especially— Lancereaux,  See,  Guerin — emphasize  the  more  or  less 
typical  course  of  the  serofibrinous  form,  and  even  advise  a  purely 
expectant  treatment.  Certainly  the  more  recent  revelations  as  to  the 
microbic  character  of  most  pleurisies  do  not  favor  the  plan  of  violent 
antiphlogosis.  There  is  no  question,  however,  that  a  certain  amount 
of  revulsion  tends  to  diminish  pain,  and  to  add  greatly  to  the  pa- 
tient's comfort.  Dry  cups  are  at  least  of  temporary  benefit  (Chur- 
ton).  The  greatest  relief  is  afforded  by  a  mustard  and  flaxseed  poul- 
tice frequently  renewed.  Garland  recommends  what  he  terms  the 
"Brunton  poultice,"  made  by  pouring  the  steaming  meal  into  a  bag 
made  of  old  flannel.  It  does  not  burn,  and  the  meal  can  be  steamed 
over  many  times  wdthout  becoming  sour. 

Absolute  immobility  of  the  affected  side  would  seem  to  be  also 
doubly  indicated  for  the  relief  of  pain  and  the  lessening  of  friction. 
Various  methods  of  strapping  have  been  employed  with  benefit. 
Otto  uses  an  ordinary  cotton  roller,  applied  so  as  to  include  as  much 
as  possible  of  the  affected  side  and  as  little  as  possible  of  the  other. 
He  states  that  in  all  the  cases  in  which  it  has  been  used,  only  once 
has  its  removal  been  desired.  Mason  prefers  the  elastic  bandage, 
and  others  adhesive  plaster ;  both  are  applied  in  the  same  manner  as 
for  a  fractured  rib. 
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Among  internal  remedies  tlie  salicylate  of  sodium  seems  to  deserve 
the  most  confidence  when  the  affection  is  apparently  primary  or 
manifestly  rheumatic.  Kosenbach  has  demonstrated  the  presence  of 
salicylic  acid  in  the  serous  cavities  after  a  single  dose  of  ten  or  twenty 
grains.  The  clinical  evidence  in  favor  of  this  remedy  is  strong. 
Aufrecht  recommends  it  from  the  very  onset  of  acute  pleurisy,  claim- 
ing that  its  effect  is  often  rapid  and  that  the  duration  of  the  disease 
is  thereby  much  shortened.  Herz  has  employed  it  for  many  years : 
he  considers  it  a  specific  during  the  dry  stage,  and  holds  that  it  usu- 
ally prevents  effusion.  Velten  has  had  similar  results.  Talamon 
commends  its  employment  in  every  stage  of  the  serofibrinous  form ; 
it  is  most  efficacious  in  the  beginning,  but  is  also  valuable  during  the 
periode  d'Stat,  and  it  hastens  absorption.  Koester  has  treated  32 
cases  with  this  remedy,  27  primary  and  5  secondary.  Of  the  27 
primary  cases,  17  were  benefited  as  follows :  increased  diuresis,  even 
before  signs  of  absorption;  dyspnoea  lessened  on  the  second  day; 
rapid  fall  of,  temperature ;  duration  of  the  period  of  absorption  re- 
duced to  a  "few  days."  While  none  of  these  reports  is  quite  con- 
vincing, as  indeed  the  nature  of  the  evidence  precludes,  they  seem 
at  least  to  warrant  the  use  of  so  harmless  a  remedy  as  long  as  no  sub- 
stitute is  offered.  The  usual  daily  dose  of  salicylate  of  sodium  is  one 
and  a  half  drachms.  Personally  I  prefer  the  method  which  has  given 
me  the  best  results  in  rheundatism :  ten  grains  every  hour  for  twelve 
doses  unless  severe  tinnitus  makes  it  advisable  to  stop ;  then  an  in- 
terval of  twelve  hours,  after  which  the  same  quantity  is  repeated; 
then  after  another  interval  of  twelve  hours,  one  drachm  daily  for  the 
following  week. 

Rarely  indications  of  secondary  or  tertiary  syphilis  may  arouse 
suspicion  that  the  pleurisy  also  is  of  syphilitic  character ;  mercury 
or  the  iodides  may  then  be  found  to  have  a  specific  action. 

General  treatment  must  be  adapted  to  the  need  of  the  individual 
case.  The  bowels  are  to  be  kept  freely  open  by  Seidlitz  powders, 
citrate  of  magnesia,  Hunyadi  Janos,  or  similar  mild  cathartic.  Fre- 
quent cool  sponging  may  be  sufficient  for  the  fever ;  or  it  may  seem 
desirable  to  administer  one  of  the  coal-tar  antipyretics,  especially  at 
night.  The  diet  should,  of  course,  be  somewhat  restricted  so  long  as 
the  fever  continues,  consisting  largely  of  milk,  with  an  occasional  light 
pudding,  or  meat  broths.  Finally,  and  undoubtedly  most  important  of 
all,  the  patient  should  be  confined  absolutely  to  bed ;  the  temperature 
may  be  accepted  as  a  fair  measure  of  the  continuance  of  inflammation, 
and  as  long  as  the  fever  lasts  the  recumbent  posture  should  be  en- 
forced. The  experiments  of  Dybkowsky,  to  which  reference  will 
again  be  made,  tend  to  show  that  the  inflammatory  process  is  in- 
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creased  by  respiration;  and  Volland  lias  emphasized  particularly 
from  a  clinical  point  of  view  the  necessity  for  the  same  absolute  im- 
mobility in  the  inflammatory  stage  of  pleurisy  as  in  acute  peri- 
tonitis. 

Simple  Effusion. 

As  soon  as  the  serofibrinous  character  of  a  pleurisy  becomes  ap- 
parent, the  indications  are  first  to  limit  the  amount  of  fluid,  and  later 
to  assist  in  its  removal. 

The  various  methods  which  claim  to  answer  the  first  of  these  indi- 
cations have  already  been  mentioned :  antiphlogosis,  rest  in  bed,  im- 
mobility of  the  affected  side,  and  the  salicylates.  If  these  are  indicated 
at  the  outset  of  pleurisy,  when  its  future  character  is  not  yet  appar- 
ent, they  become  still  more  so  when  signs  of  effusion  are  first  dis- 
covered. If  pain  is  now  much  relieved  or  entirely  gone,  the  poultice 
should  be  omitted  and  counter-irritation  begun ;  or  if  the  chest  has 
been  strapped,  the  bandage  may  remain  until  the  stationary  period 
is  reached. 

The  removal  of  the  fluid  may  be  attempted  by  either  medicinal  or 
operative  measures. 

Medicinal  Treafment. — The  so-called  Hay's  method,  or  "drj^-diet" 
treatment,  is  unquestionably  the  one  most  in  favor  at  the  present 
time.  It  is  highly  commended  by  Osier,  Blakie-Smith,  and  Garland. 
This  plan  is  based  on  the  theory  that  by  diminishing  the  waters- 
constituents  of  the  blood,  its  tendency  to  take  up  an  exudate  will 
be  increased.  The  patient  is  ordered  to  take,  once  or  twice  a  day,  a 
brisk  cathartic — j^referably  half  an  ounce  of  Epsom  salts  taken  in 
hot  water  before  breakfast,  or  a  -Seidlitz  powder,  at  all  events  some- 
thing to  produce  two  or  three  watery  stools.  At  the  same  time  the 
amount  of  fluids  ingested  is  limited  to  a  pint  in  twenty -four  hours. 

In  weak  and  debilitated  individuals  some  caution  should  be  ob- 
served in  the  exhibition  of  violent  cathartics,  the  use  of  which  is, 
moreover,  not  intended  in  this  method.  Anders  has  seen  two  cases 
of  pleurisy  in  which  purgation  caused  profound  and  dangerous  col- 
lapse. 

It  is  claimed  for  this  method  that  it  often  effects  the  rapid  absorp- 
tion of  small  and  moderate  effusions  even  when  the  stationary  period 
has  persisted  for  several  weeks.  Bearing  in  mind  the  frequently  cyc- 
lic course  of  this  disease,  the  difficulty  of  furnishing  conclusive  evi- 
dence is  apparent. 

diuretics  have  always  been  largely  employed  in  the  treatment  of 
pleurisy.  Some  rely  upon  a  milk  diet,  which  can,  however,  hardly 
increase  diuresis  at  the  expense  of  an  effusion.     InfiLsion  of  digitalis 


80  WHITNEY — ^DISEASES   OF  THE   PLEURA. 

with  the  acetate  of  potassium  (  3  ss.  and  gr.  xv. )  is  usually  the  diu- 
retic prefeiTed,  and  its  efficiency  in  certain  cases  cannot  be  ques- 
tioned. Garland  has  seen  the  daily  quantity  of  urine  suddenly  in- 
crease from  thirty  to  one  hundred  ounces  and  a  large  effusion  rapidly 
subside  under  its  use.     Another  efficient  diuretic  is  the  following : 

^  Caffein^e  citrat. , 

Sodii  benzoat. , aa  gr.  Ixxv. 

M.  ft.  capsul.  No.  XXX.     S.   One  six  times  daily. 

Osier  also  mentions  diuretin  as  very  serviceable. 

Diaphoretics  are  now  seldom  employed  in  the  ti'eatment  of  effusion, 
although  several  cases  of  rapid  absorption  have  been  observed  in  which 
an  abundant  diaphoresis  had  been  accidentally  produced.  Fraentzel 
after  a  thorough  trial  of  jaborandi  condemns  it  as  not  only  ineffectual 
but  dangerous. 

Iodide  of  'potassium  still  has  a  few  adherents,  but  most  observers 
have  seen  no  evidence  that  it  promotes  absorption. 

Tonics  are  very  often  indicated,  especially  in  the  more  chronic 
cases,  and  when  absorption  is  slow.  Their  combination  with  diu- 
retics is  particularly  recommended,  the  latter  often  being  apparently 
inactive  until  atonic  is  added;  thus  Fraentzel  has  successfully  em- 
ployed a  five-per-cent.  decoction  of  cinchona  bark  with  the  acetate  of 
potassium.  Anders  thinks  the  iodide  of  iron  is  a  most  serviceable 
remedy.  Here  as  elsewhere  there  is  probably  no  more  reliable  fer- 
ruginous tonic  than  the  Blaud  pill. 

Local  counter-irritation  would  seem  theoretically  to  be  of  great 
possible  service  because  of  the  close  relationship  between  the  lym- 
phatics of  the  costal  pleura  and  those  of  the  skin  (Osier) .  Dybkowsky, 
in  studying  the  process  of  pleural  absorption,  found  that  the  basement 
membrane  of  the  pleura  is  abundantly  supplied  vdth  capillaries,  lym- 
phatics, and  lymph  spaces ;  the  latter  are  separated  fi'om  the  pleural 
cavity  by  only  a  single  layer  of  epithelial  cells,  and  also  communi- 
cate freely  vdth  the  blood-vessels  by  means  of  stomata.  He  found 
that  the  costal  pleura  is  especially  rich  in  absorbents,  while  that  of  the 
lung,  mediastinum,  and  diaphragm  is  relatively  poor.  Berlin  blue 
injected  into  the  pleural  cavity  was  taken  up  largely  by  the  costal 
pleura,  in  the  lymphatics  of  which  it  could  be  easily  traced.  These 
observations  would  seem  to  suggest  that  by  an  irritation  of  the  skin 
the  costal  lymphatics  may  be  stimulated  to  greater  activity.  This 
accords  also  with  general  experience,  and  the  use  of  iodine  externally 
is  still  almost  universal.  It  may  be  begun  as  soon  as  the  acute 
symptoms  have  subsided,  and  should  be  continued  until  the  effusion 
is  whollv  absorbed.     Care  must  be  taken  that  it  is  not  too  frequently 
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applied,  since  it  may  cause  extreme  pain  when  the  epidermis  is  uo 
longer  intact.  Small  flying  blisters,  perhaps  a  couple  of  inches 
square,  may  be  used  instead  of  iodine,  a  fresh  one  being  applied  every 
two  to  three  days  in  a  different  place.  An  excellent  counter-irritant 
for  these  cases  is  the  so-called  Carson's  paint,  consisting  of  01.  tiglii, 
3  ss. ;  Spts.  aetheris,  3  i. ;  and  Tr.  iodini  co.,  3  iiss. ;  this  maybe 
applied  twice  daily  until  there  is  a  considerable  eruption  of  pustules. 

When  fever  has  disappeared,  and  the  effusion  (of  small  or  moder- 
ate amount)  has  reached  a  standstill  or  has  already  begun  to  subside, 
the  patient  should  be  encouraged  to  go  about.  Dj^ikowsky  concluded 
from  his  experiments  that  respiration  is  a  great  promoter  of  absorp- 
tion ;  and  it  follows  that  a  moderate  amount  of  exercise — just  enough 
to  be  a  gentle  stimulus  to  increased  respiratory  efforts — is  directly 
indicated  when  all  inflammatory  action  has  ceased. 

Thoracocentesis. — It  seems  hardly  necessary  to  repeat  here  the 
familiar  historical  details  of  the  development  of  this  operation;  the 
names  of  Trousseau,  Dieulafoy,  and  Bowditch  are  everywhere  and 
always  associated  with  aspiration  of  the  pleural  cavity.  Still  less  is 
it  necessary  to  defend  the  merits  of  the  procedure,  as  Fraentzel,  writ- 
ing in  1880,  was  compelled  to  do.  As  Easmassen  then  said  of  his 
colleagues  in  Copenhagen,  so  we  can  now  say,  in  the  United  States 
at  least,  that  every  physician  has  his  aspirator.  Perhaps  the  great 
fault  of  the  present  time  is  that  thoracocentesis  is  too  frequently 
I)erformed  and  with  too  little  care  for  those  details  which  have  made 
it  possible  to  rescue  the  operation  from  obscurity,  and  make  it  one 
of  the  most  beneficent  of  modern  surgery. 

The  indications  for  thoracocentesis  are  threefold.  In  regard  to 
the  first  two  there  has  long  been  complete  unanimity  of  opinion;  the 
third  is  yet  open  to  discussion,  and  somewhat  different  views  are 
still  expressed. 

1.  The  indicatio  vitcdis  imperatively  demands  the  performance  of  as- 
piration whenever  life  is  immediately  threatened.  Thus,  suffocation 
may  impend  because  of  the  great  size  of  the  effusion  or  of  the  rapidity 
with  which  it  has  formed;  or  the  circulation  may  be  seriouslj^  im- 
paired, and  possibly  one  or  more  attacks  of  syncope  have  already 
shown  that  the  danger  of  delay  is  great. 

2.  Large  effusion,  even  when  apparenth"^  well  borne,  demands  also 
immediate  interference.  The  third  rib  in  front  is  generallj^  accepted 
as  the  limit  which  the  fluid  should  not  be  allowed  to  exceed.  Here 
compression  has  already  begun ;  and  the  resulting  displacement  of  the 
heart  and  great  vessels  involves  a  possibility  of  sudden  death  from 
syncope,  or  from  oedema  of  the  opposite  lung.  Any  such  possible 
danger  must  be  averted. 
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3.  Moderate  and  even  small  effusions  sliould  be  removed  by  aspira- 
tion when  spontaneous  absorption  is  delayed  beyond  a  certain  period. 
Here,  also,  tliere  is  very  general  agreement,  but  authorities  differ  as 
to  just  how  long  to  wait.  Fraentzel,  regarding  aspiration  as  a  pro- 
cedure never  to  be  lightly  undertaken,  advises  puncture  within  the 
first  two  months.  Aufrecht  would  aspirate  only  in  the  case  of  large 
effusions.  Eiegel  believes  in  very  early  aspiration,  even  in  effusions 
which  do  not  reach  the  angle  of  the  scapula ;  he  regards  pleuropul- 
monary  adhesions,  which  prevent  expansion,  as  the  chief  element  of 
danger;  "too  late  i^uncture  may  do  harm,  too  early  never."  Lindsay 
thinks  tapping  should  rarely  be  done  in  the  first  two  weeks,  but  he 
would  always  tap  in  the  third  week  if  there  were  no  signs  of  absorp- 
tion. Osier  would  aspirate  after  ten  clays  if  the  fluid  reaches  the 
fourth  rib.  B.  Eobinson  says  the  effusion  should  never  be  allowed 
to  remain  stationary  for  more  than  two  weeks. 

These  statements  certainly  show  the  general  drift  of  opinion. 
While  there  is  danger  in  being  too  precise,  it  seems  to  me  that  there 
are  certain  general  principles  involved  which  make  it  possible  to  es- 
tablish a  rather  definite  line  of  conduct.  I  would  make  the  following 
suggestions : 

When  a  case  of  acute  pleurisy  is  under  observation  from  the  be- 
ginning, is  comparatively  mild,  and  shows  a  decided  tendency  to 
pursue  a  cyclical  course,  puncture  need  not  be  thought  of  until  the 
stationary  period — periode  d'etat — has  lasted  from  seven  to  ten  days. 
Such  cases  are  frequent  and  quite  typical ;  the  effusion  increases  dur- 
ing the  first  seven  to  ten  days  until  a  very  moderate  quantity  of  fluid 
has  gathered;  this  is  followed  by  a  stationary  period  of  about  the 
same  duration — during  which  an  effort  should  be  made,  by  the  in- 
ternal and  local  treatment  above  described,  to  inaugurate  the  process 
of  absorption.  If  at  the  end  of  this  period  no  change  is  perceptible, 
aspiration  should  be  performed  at  once. 

When  an  effusion  is  seen  for  the  first  time  at  an  advanced  stage  of 
development,  especially  if  the  history  is  uncertain,  it  may  be  kept  for 
a  week  at  most  under  observation ;  unless  at  the  end  of  that  time  it 
is  manifestly  diminishing,  we  must  aspirate. 

If  there  is  no  cyclical  course,  if  at  the  end  of  ten  to  fourteen  days 
from  the  onset  an  effusion  does  not  come  to  a  standstill,  especially  if 
its  increase  is  rapid  and  it  shows  a  tendency  to  become  large,  it  is  best 
to  aspirate  at  once.  It  is  true  that  this  will  probably  be  of  only  tem- 
porary effect,  and  that  the  fluid  will  rapidly  return.  But  there  is  a 
chance  that  this  may  not  happen,  and  even  if  the  aspiration  has  to  be 
frequently  repeated,  we  at  least  prevent  any  dangerous  accumulation 
aild  any  permanent  retraction  of  the  lung. 
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Technique. — As  to  instruments  and  apparatus  there  is,  in  this 
country  at  least,  but  little  room  for  discussion;  no  one  ever  thinks 
of  simple  puncture  with  a  trocar.  With  us,  since  the  days  of  Bow- 
ditch,  puncture  has  been  entirely  supplanted  by  the  use  of  the  aspi- 
rator. Some  physicians  still  use  the  original  instrument  of  Dieulafoy : 
a  plain  cylinder  and  piston  so  arranged  with  stopcocks  that  the  vac- 
uum can  first  be  created  and  then  afterwards  put  in  communication 
with  the  chest.  Bowditch  preferred  to  exhaust  the  barrel  while  it 
was  connected  with  the  chest,  believing  that  he  could  thus  better  reg- 
ulate the  amount  of  suction  employed. 

The  great  majority  of  operators  use  the  bottle  aspirator  of  Potain. 
This  familiar  apparatus  hardly  needs  description.  It  consis'ts  of  a 
large  bottle  fitted  with  stopcocks  which  connect,  by  long  rubber  tubes, 
with  both  the  aspirating  needle  and  an  air  pump ;  a  vacuum  is  first 
created  in  the  bottle,  and  then  by  reversing  the  cocks  this  vacuum  is 
put  in  communication  with  the  chest. 

The  needles  which  come  with  this  apparatus  are  of  several  sizes, 
and  are  partly  simple  hollow  needles,  and  partly  trocars.  The 
latter  are  usually  provided  with  an  attachment  so  arranged  that  the 
air-tight  perforator  can  be  withdrawn  from  the  cannula  only  just  far 
enough  to  open  the  communication  with  the  connecting  tube.  This 
provision  has  the  double  advantage  of  preventing  all  entrance  of  air 
into  the  jjleura  in  the  event  of  a  negative  intrapleural  pressure,  and 
also  of  making  it  very  easy,  by  simplj^  thrusting  in  the  perforator,  to 
remove  any  possible  obstruction  of  the  cannula.  In  favor  of  the  hollow 
needle  is  its  smaller  size,  and  its  less  painful  and  easier  penetration. 
The  question  of  size  is  quite  important ;  that  to  be  preferred  is  the 
one  corresponding  to  the  No.  2  needle  of  the  Dieulafoy  apparatus. 
Much  of  the  favor  which  aspiration  has  won  in  modern  times 
is  unquestionably  due  to  the  change  from  the  large  trocar  of  the 
earlier  operators  to  the  almost  capillary  needle  of  to-day.  Sudden 
death  from  oedema  and  syncope  was  not  infrequent  when  large  quan- 
tities of  fluid  were  rapidly  withdrawn.  On  the  other  hand,  the  en- 
trance of  even  minimum  quantities  of  air  into  the  pleural  cavity  is 
certainly  undesirable ;  thpugh  probably  innocuous  in  the  very  great 
majority  of  cases,  such  air  may  contain  pathogenic  microbes  which 
give  rise  to  suppuration.  It  is  evident  that  when  a  simple  hollow 
needle  is  introduced  into  the  pleural  cavity,  the  air  which  it  and  the 
connecting  tube  contain  will  be  inevitably  sucked  into  the  pleura,  if 
the  pressure  chances  to  be  negative.  Although  a  positive  intrapleural 
pressure  invariably  prevailed  in  the  long  series  of  cases  tested  by 
Leyden,  at  least  at  the  beginning  of  aspiration,  it  is  to  be  considered 
that  it  was  not  then  customary  to  puncture  so  early  and  in  such  small 
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effusions  as  now.  Furtliermore,  tlie  needle  often  becomes  clogged; 
and  tlie  only  alternatives  are  then  to  remove  and  puncture  again, 
as  advised  by  Bowditcli,  or  to  clear  it  with,  a  wire  and  thus  provide 
an  extremely  favorable  opportunity  for  the  entrance  of  air.  Personally 
I  have  nearly  always  used  the  hollow  needle,  and  have  never  seen  any 
disastrous  result.  Koenig  also  gives  expression  to  considerable  doubt 
whether  the  entrance  of  air  into  the  pleura  is  at  all  likely  to  produce 
infection.  Still,  the  smallest  trocar  is  probably  the  safest  instru- 
ment to  use.  If  after  puncture  the  air  is  first  exhausted  from  flask 
and  tube,  the  perforator  then  withdrawn  from  the  cannula  beyond  the 
stopcock,  and  the  latter  closed,  all  possibility  of  the  entrance  of  even 
a  single  bubble  of  air  is  excluded. 

It  need  hardly  be  said  that  in  aspiration  no  less  than  in  more 
formidable  operations,  every  aseptic  precaution  should  be  rigorously 
observed.  Hands,  instruments,  and  the  patient's  skin  should  be  as 
carefully  sterilized  as  for  a  thoracotomy.  Particular  stress  is  to  be 
laid  upon  a  thorough  disinfection  of  the  needle  by  boiling;  prob- 
ably a  dirty  needle  has  been  much  oftener  responsible  than  the  en- 
trance of  air  for  the  conversion  of  a  serous  exudate  into  pus. 

The  site  of  ■puncture  is  not  a  matter  of  very  great  moment.  Some 
choose  the  fifth  interspace  near  the  mammary  line,  some  the  fifth  or 
sixth  space  in  the  axilla,  and  others  the  eighth  or  ninth  in  a  line  with 
the  angle  of  the  scapula.  Fraentzel  objects  to  the  latter,  on  the 
ground  that  the  muscles  are  there  thicker,  the  danger  of  piercing  the 
diaphragm  is  greater,  and  the  needle  is  more  apt  to  enter  a  mass  of 
fibrinous  deposit.  As  a  matter  of  fact,  in  a  large  proportion  of  cases 
the  effusion  does  not  extend  in  front  of  the  axillary  line,  and  there 
is  no  choice.  I  myself  prefer  the  posterior  site,  and  have  never  felt 
the  force  of  Fraentzel's  objections. 

The  position  of  the  patient  during  aspiration  may  be  either  up- 
right, or  semi-recumbent  and  partially  rotated  towards  the  sound  side. 
Bowditch  had  him  sit  sidewise  in  a  chair,  with  arm  resting  over  the 
back.  General  anaesthesia  is  never  necessary ;  but  it  is  well  to  lessen 
the  pain  when  it  can  be  done  by  so  harmless  a  procedure  as  the  in- 
jection of  ten  drops  or  so  of  a  one-per-cent.  solution  of  cocaine ;  I  have 
thus  punctured  children  even  without  so  much  as  a  word  of  com- 
plaint. The  administration  of  an  ounce  of  whiskey  is  often  a  good 
prelude  to  the  operation. 

After  definitely  fixing  the  selected  interspace  with  the  point  of  the 
left  index  finger,  the  needle  is  entered  rather  carefully  until  it  has  en- 
gaged between  the  ribs,  when  it  is  thrust  steadily  and  vigorously 
forward  into  the  pleural  cavity.  A  slow  boring  motion  of  the  needle 
is  to  be  avoided;  it  not  only  increases  pain,  but  makes  it  possible 
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that  the  needle  may,  as  suggested  by  Fraentzel,  push  away  instead  of 
pierce  the  costal  pleura.  An  instance  of  what  seemed  to  be  this 
accident  has  come  under  my  own  observation.  The  advice  is  usually 
given  to  hug  the  upper  border  of  the  lower  rib  in  order  to  avoid 
wounding  the  intercostal  artery.  This  danger  is  to  be  regarded  as 
somewhat  chimerical,  and  it  is  far  better  to  aim  at  the  middle  of  the 
space  and  thus  save  the  patient  a  painful  mutilation  of  a  rib.  The 
presence  of  fluid  should  always  be  demonstrated  by  exploratory'  punc- 
ture before  aspiration  is  attempted. 

The  amount  of  fluid  to  he  ivithdraivn  is  i)erhaps  the  most  important 
consideration  connected  with  thoracocentesis.  We  have  already  seen, 
under  Complications,  that  the  removal  of  a  large  quantity  at  a  single 
sitting  may  result  in  a  dangerous  oedema  of  the  affected  lung;  sudden 
death  from  oedema  or  syncope  not  infrequently  followed  the  operation 
as  it  used  to  be  performed,  and  added  greatly  to  its  discredit.  The 
favor  in  which  thoracocentesis  is  now  held  dates  from  the  introduc- 
tion by  Bowditdjjpt  hi  aspiration  through  a  very  small  needle ;  and  it  is 
unquestionably  in  the  slow  luithdraival  of  only  a  moderate  quantity  of 
fluid  that  the  safety  of  aspiration  lies  as  compared  with  the  old  method 
of  puncture  with  a  trocar.  Dieulafoy  found,  for  example,  that  of  six- 
teen cases  of  "  albuminous"  expectoration,  aspiration  had  been  used 
in  only  four ;  and  furthermore,  he  was  unable  to  find  a  single  reported 
case  of  death  from  aspiration  when  not  more  than  1,200  c.c.  of  fluid 
had  been  withdrawn.  These  facts  ought  not  to  be  forgotten  or  disre- 
garded. A  good  and  safe  rule  is  never  to  withdraw  more  than  three 
pints  of  fluid  at  once,  and  seldom  more  than  two.  If  the  effusion  is 
very  large,  the  aspiration  should  be  repeated  every  two  or  three  days 
until  the  greater  portion  is  removed.  To  empty  the  pleural  cavity 
completely  is  unnecessary ;  the  aspiration  of  a  small  quantity  is  often 
sufficient  to  relieve  the  pressure  upon  the  lymph  spaces  or  stomata, 
and  to  effect  a  rapid  absorption  of  what  is  left.  There  is,  however,  no 
objection  to  removing  all  if  the  above  limit  be  not  exceeded. 

But  it  may  happen  that  even  before  two  pints  have  been  with- 
drawn, certain  disagreeable  symptoms  appear  which  make  it  neces- 
sary to  desist.  These  are  pain  in  the  chest,  a  feeling  of  great  con- 
striction, suffocation,  or  faintness,  and  uncontrollable  paroxysms  of 
cough.  Fraentzel  states  that  he  is  no  longer  troubled  by  the  latter 
since  he  aspirates  slowly— meaning  by  "slowly"  the  consumption  of 
at  least  thirty  minutes  in  the  removal  of  three  pints.  However  this 
may  be,  if  any  of  these  symptoms  appear,  an  immediate  pause  should 
be  made  in  aspiration ;  after  a  few  moments  it  may  be  cautiously  re- 
sumed, but  a  second  attack  demands  an  immediate  withdrawal  of  the 
needle. 
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Tlie  wound  is  perliax^s  best  treated  by  a  regular  surgical  dressing. 
I  usually  apply  a  square  of  adhesive  plaster  and  have  never  seen  any 
unfortunate  result. 

Among  the  minor  accidents  of  aspiration  are  puncture  of  the  lung, 
diaphragm,  liver,  or  spleen.  Though  I  must  plead  guilty  of  all  of 
these  errors  in  connection  with  exploratory  puncture,  I  have  never 
seen  any  unpleasant  consecjuences,  although  they  are  of  course  to  be 
avoided.  Fraentzel  relates  a  unique  case  of  fatal  pulmonary  hemor- 
rhage after  aspiration ;  it  was  caused  by  the  rupture  of  a  miliary  aneu- 
rysm in  a  tuberculous  cavity  of  the  affected  lung. 

The  fii'st  twenty -four  houi's  after  paracentesis  should  be  spent  in 
bed.  The  x)atient,  if  all  is  well,  may  then  go  about,  and  the  subse- 
quent treatment  should  be  similar  in  all  respects  to  that  of  a  spon- 
taneous absorption.  In  either  case  the  local  use  of  counter-irritants 
may  be  continued  together  with  the  internal  administi'ation  of  mild 
diuretics  and  tonics.  As  absorption  progresses,  an  attempt  should 
be  made  to  aid  as  far  as  iiossible  in  effecting  a  comjolete  reexpansion 
of  the  lung.  Osier  si^ealis  highly  of  the  use,  once  or  twice  daily,  of 
the  Wolff  bottles — two  large  bottles  so  arranged  with  tubes  that  by 
blowing  into  one  the  water  with  which  it  is  pai-tly  filled  is  driven  in- 
to the  other ;  and  so  on,  back  and  forth,  as  long  as  may  seem  de- 
sirable ;  the  expiratory  expansion  thus  eft'ected  can  hardly  fail  to  be 
of  service.  A  change  of  climate  is  often  of  the  greatest  benefit,  par- 
ticularly removal  to  a  mountainous  region  like  the  Adirondacks  or 
Colorado ;  not  only  because  of  its  eft'ect  upon  general  nutrition,  but 
also  because  residence  in  an  elevated  region  furnishes  an  excellent 
form  of  mild  and  continuous  pulmonary  exercise.  Where  this  is  im- 
possible a  certain  amount  of  daily  out-of-door  exercise  should  be  en- 
joined— walking,  and  later  bicycling,  or  even  running.  During  the 
winter  months  moderate  gymnastic  exercise,  as  with  light  wall  weights 
or  Tndian  clubs,  will  be  a  useful  adjuvant. 

But  even  when  all  local  signs  have  disappeared  these  patients 
should  still  be  kept  under  observation.  It  seems  to  me  especially 
desirable  that  in  most  cases  of  primary  pleurisy  the  patient  himself, 
or  at  least  his  intimate  friends,  should  be  made  acquainted  with  his 
special  liability  to  pulmonary  tuberculosis.  This  can  be  done  in  such 
a  way  that  without  being  made  unduly  apprehensive  the  patient  will 
avoid  exposure,  and  particularly  give  timely  heed  to  such  initial 
symptoms  as  a  loss  of  flesh  or  a  constant  cough.  He  should  under- 
stand that  the  slightest  symptoms  referable  to  the  chest  should  lead 
him  at  once  to  seek  medical  advice.  Every  one  knows  that  it  is  only 
in  its  initial  stage  that  pulmonary  phthisis  is  curable ;  and  a  physi- 
cian who  should  fail  to  advise  a  former  sufferer  from  pleurisy  to  seek 


TREATMENT   OF  rLEURTSY.  87 

a  favoral)le  climate  at  the  very  first  suspiciou  of  tuberculosis  would 
be  guilty  of  a  fault  which,  iu  the  light  of  our  present  knowledge,  must 
be  considered  wholly  unpardonable. 

The  treatment  of  the  chronic  and  latent  forniH  of  pleurisy  is  less 
promising.  Repeated  aspiration  must  be  combined  with  the  appli- 
cation of  local  irritants  and  the  exhibititm  of  tonics ;  any  jirolonged 
course  of  purgation  or  diuretics  would  of  course  be  a  mistake.  Here, 
also,  most  is  to  be  hoped  for  from  general  h^'gienic  measures,  among 
which  an  out-of-door  life  in  a  suitable  climate  is  the  main  factor. 

Empyema. 

There  is  practically  but  one  treatment  for  purulent  pleurisy — the 
immediate  evacuation  of  the  pus  by  operative  procedure.  Four  prin- 
cipal methods  are  in  use  at  the  i^resent  time : 

Aspiration. — This  operation  is  entirely  inadequate  for  the  great 
majority  of  empyemas.  It  does  not  provide  for  free  drainage, 
which  is  usually  essential  to  a  successful  result.  On  the  other  hand, 
it  is  undeniable  that  a  certain  number  of  empyemas  may  be  en- 
tirely cured  hj  one  or  two  asjiirations.  Holt  collected  121  cases  in 
which  this  method  was  tried ;  he  found  that  23  were  cured,  6  died, 
and  92  came  to  further  operation.  Holt  cites  this  series  as  an  argu- 
ment against  aspiration ;  it  seems  to  me  rather  to  suggest  a  further 
search  into  the  reason  for  such  a  marked  difference  in  cases,  and  its 
i:)ractical  application.  If  even  twenty  per  cent,  of  all  cases  can  be 
cured  by  so  simple  a  j)rocedure  as  this,  it  would  hardly  seem  that  it 
is  an  operation  to  be  lightlj-  condemned.  The  great  trouble  has 
always  been  not  so  much  with  aspiration  itself  as  with  the  indiscrim- 
inate way  in  which  it  has  been  employed ;  and  the  following  recom- 
mendation of  its  use  under  certain  conditions  is  to  be  understood  as 
always  with  the  distinct  proviso,  first,  that  the  case  is  mild,  and  that 
there  is  no  apparent  danger  in  delay;  and  second,  that  the  operation, 
if  unsuccessful  in  producing  a  complete  reduction  of  temperature, 
shall  be  repeated  only  once  at  most,  and  then  give  immediate  place  to 
more  radical  measures. 

This  method  is  indicated  in  those  empyemas  of  childhood  which 
are  known  or  appear  to  be  of  pneumococcal  origin.  It  has  always  been 
in  children  that  aspiration  has  been  relatively  successful,  and  that  this 
is  because  such  empyemas  are  usually  produced  by  the  short-lived  and 
comparatively  non-virulent  pneumococcus  has  already  been  sufficiently 
emphasized.  It  is  ti-ue  that  most  American  pediatric  physicians  pre- 
fer immediate  radical  operation  in  all  cases  (Jacobi,  Holt,  Huber, 
Beck).     Eotch,    however,   believes  in  preliminary   aspiration;    and 
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Henoch  also  recommended  this  plan  long  before  it  had  the  scientific 
basis  which  it  has  to-day.  Its  advocates  on  the  Continent  are  now 
numerous,  among  others  Netter,  Gerhardt,  Jaccoud,  Debove,  Ferdi- 
nand, Courtois-Suffit,  and  von  Ziemssen.  In  cases  not  manifestly 
metapneumonic,  the  diagnosis  should  be  confirmed  by  a  bacteriolog- 
ical examination  of  the  pus  obtained  on  exploratory  puncture.  In 
any  event,  unless  improvement  is  pronounced,  not  more  than  a  week 
should  be  allowed  to  elapse  after  the  first  aspiration  before  resorting 
to  the  radical  cure. 

In  the  pneumococcal  empyemas  of  adults  most  French  authorities 
also  advise  the  same  procedure.  Netter  reports  ten  successful  results. 
If  the  diagnosis  be  fully  established,  there  seems  to  be  no  gcTod  rea- 
son why  the  chance  of  success  should  not  be  nearly  as  good  as  in 
children,  and  why  the  patient  should  not  have  the  benefit  of  the  doubt. 
To  the  patient,  at  least,  incision  is  a  far  more  formidable  operation 
than  simple  puncture ;  it  means,  as  a  rule,  anaesthesia,  an  incapacity 
of  a  couple  of  months'  duration,  and  considerable  expense.  Moreover, 
after  aspiration  there  is  a  better  chance  of  an  immediate  and  complete 
expansion  of  the  lung.  All  these  considerations  are  not  to  be  de- 
spised; they  are  not  offset  by  a  possible  delay  of  a  week,  when  the 
patient  has  but  little  fever  and  is  in  fairly  good  condition. 

Aspiration  is  indicated  in  all  forms  of  empyema  when  the  patient 
is  in  danger,  but  when  his  condition  is  not  such  as  to  warrant  an  im- 
mediate radical  operation.  Thus  extreme  weakness,  or  an  oedema  of 
the  lung,  or  a  threatening  syncope,  or  other  equally  dangerous  com- 
plication, may  make  a  partial  removal  of  the  fluid  immediately  nec- 
essary. Usually,  however,  the  radical  operation  should  be  deferred 
only  for  a  few  hours,  and  the  cases  in  which  even  this  is  necessary 
are  not  frequent. 

In  certain  cases  of  tuberculous  empyema  it  is  an  open  question 
whether  aspiration  is  not  a  more  conservative  method  cjf  treatment 
than  thoracotomy.  Assuredly  not  in  all  cases— not  when  there  is  a 
high  range  of  temperature,  nor  when  an  acute  empyema  is  simply 
associated  with  a  mild  degree  of  pulmonary  phthisis ;  such  patients 
should  be  treated  like  any  other  sufferer  from  empyema.  But  if  the 
empyema  is  absolutely  latent;  if  it  has  lasted  already  for  an  indefinite 
period;  if  the  patient  has  an  incurable  form  of  pulmonary  phthisis, 
and  yet  is  still  maintaining  a  fair  degree  of  general  health,  it  is  a 
serious  question  whether  the  radical  operation  will  not  cause  a  change 
for  the  worse. 

In  any  case,  an  annoying  and  often  permanent  fistula  will  be 
established,  and  both  the  drain  upon  the  system  and  the  danger  of 
amyloid  degeneration  will  be  materially  increased.     It  is  further  to 
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be  considered  that  the  more  or  less  (luiescent  tuberculosis  of  the 
compressed  luug  ma}'  be  aroused  to  fresh  activity  Ijy  such  partial 
expansion  as  follows  either  thoracotomy  or  aspiration  (Czernieki, 
Biiumler).  On  the  other  hand,  such  a  tuberculous  empyema,  if  left 
to  itself,  is  not  inconsistent  with  fairly  good  health  for  an  indefinite 
period ;  instances  are  on  record  in  which  life  has  been  prolonged  for 
ten  or  even  twenty  years  (Fraentzel).  Or,  if  aspirated,  the  efl'usion 
maj'  not  recur  for  a  long  time,  and  even  resorption  of  these  often  chy- 
lous or  fattj'  exudations  has  been  observed.  It  is  seen,  therefore,  that 
the  chances  of  radical  operation  are  not  tempting.  Moutard-Martin 
operated  in  seven  cases;  all  died.  Kroenlein  lost  eight  out  of  fifteen; 
Euneberg  three  out  of  four.  It  is  not  surprising  that  many  eminent 
authorities — Netter,  Fraentzel,  Godlee — practise  non-interference  in 
many  of  these  cases,  unless  a  dangerous  growth  of  the  effusion  makes 
it  imperative  to  aspirate. 

Simple  Incision. — For  reasons  which  will  presently  appear,  in- 
cision is  not  the  operation  of  choice  in  the  empyemas  of  adult  life. 
It  has,  however,  one  great  advantage  over  resection — it  can  be  done 
without  general  anaesthesia,  and  on  this  account  it  may  occasionally 
be  advisable  simply  to  incise  in  cases  in  which  an  anaesthetic  would 
be  dangerous.  Furthermore,  incision  is  general!}^  preferred  to  re- 
section in  children  (Morrison,  Holt,  Huber,  Jacobi).  That  it  offers 
all  the  necessary  conditions  of  success  is  shown  by  Morrison's  seris 
of  thirtj'-four  cases  in  which  there  were  only  two  deaths  and  the 
average  duration  of  the  treatment  was  but  thirty -two  days.  Local 
anaesthesia  may  be  effected  by  the  injection  of  a  one-per-cent.  solu- 
tion of  cocaine,  or,  as  recommended  by  Powell,  h\  the  application 
of  a  small  cake  of  ice  which  has  been  dipped  in  salt.  Although  such 
local  anaesthesia  is  all  that  is  absolutely  required,  there  is  in  most 
cases  no  contraindication  to  a  general  anaesthetic,  chloroform  being 
commonly  preferred. 

In  regard  to  the  best  site  for  thoracotomy  there  is  no  general 
agreement.  Probabl}^  a  majority  of  operators  prefer  the  fourth,  fifth, 
or  sixth  interspace  in  the  axillary  line ;  Koenig  says  the  fourth  is 
the  best.  Others  always  operate  just  below  the  angle  of  the  scapula. 
The  objection  usually  made  to  this  location  is  that  the  diaphragm 
is  apt  to  rise  and  block  up  the  opening  of  the  drainage  tube.  Prac- 
tically the  results  are  equally  good  in  both ;  and  there  is  occasional!}^ 
no  opportunity  for  choice  because  the  effusion  is  small. 

The  operation  itself  is  simple,  but  it  should  be  none  the  less 
strictly  aseptic  in  aU  its  details.  The  best  position  is  the  lateral 
semi-recumbent,  with  arm  raised  above  the  head.  The  skin  and  soft 
tissues  are  quickly  incised  down  to  the  intercostal  muscles.     The 
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latter  may  then  be  slowly  divided  between  two  retractors,  as  advised 
by  Fraentzel;  or  tlie  knife  msbj  be  tlirust  rapidly  into  the  pleural 
cavity,  and  the  opening  then  sufficiently  enlarged  with  an  ordiuarj' 
sinus  dilator.  Steele  uses  a  pointed  grooved  director  which  is  first 
inserted  to  guide  the  knife. 

The  incision  should  be  as  close  as  possible  to  the  lower  rib  in 
order  to  avoid  the  intercostal  artery.  As  soon  as  the  incision  is 
complete,  one  or  two  fingers  should  be  inserted  in  order  that  the 
escape  of  pus  m.aj  be  slow;  a  too  rapid  evacuation  of  the  pleural 
cavity  is  attended  with  the  same  danger  as  a  too  abundant  aspiration. 
A  large  drain,  guarded  by  two  safety  pins,  is  then  introduced,  and  a 
surgical  dressing  is  applied  in  the  way  that  will  be  described  in  the 
following  section. 

Thoracotomy  with  Resection. — Operators  are  certainly  few  who  do 
not  prefer  the  resection  of  an  inch  or  so  of  one  rib  to  simple  incision 
in  most  empyemas  of  adult  life.  While  general  anaesthesia  is  alwaj's 
necessary  in  resection,  its  advantages  over  incision  are  very  consider- 
able. The  most  unanswerable  argument  in  its  favor  is  that  it  has 
seemed  to  give  better  results.  Simonett  found  that  107  cases  of  in- 
cision were  followed  by  60  complete  cures,  or  56  per  cent.,  and  12 
fistulse ;  79  cases  of  resection  gave  55  complete  cures,  or  70  per  cent. , 
and  only  6  fistulae.  The  unusually  brilliant  results  also  of  Koenig 
and  Runeberg  (see  Prognosis)  were  obtained  by  resection.  Again, 
this  operation  gives  room  for  a  larger  tube  and  freer  drainage ;  the 
fistula  is  not  so  likely  to  become  narrow  and  oblique.  Laache  thinks 
its  chief  excellence  lies  in  the  fact  that  with  better  drainage  irrigation 
becomes  superfluous.  Beck,  writing  upon  the  results  of  resection  in 
138  cases,  claims  that  it  enables  the  operator  to  insert  the  finger 
and,  by  sweeping  it  about,  to  open  up  thoroughly  all  pockets  of 
pus,  and  tear  off  any  adherent  clumps  which  would  interfere  with 
complete  drainage.  At  all  events,  this  operation  is  now  preferred, 
for  one  reason  or  another,  by  probably  the  great  majority  of  all 
surgeons. 

Resection  is  indicated  in  all  cases  and  forms  of  empyema  not 
already  included  under  aspiration  or  incision.  Even  when  sponta- 
neous evacuation  has  already  occurred,  whether  by  vomica  or  by 
empyema  necessitatis,  the  indication  for  the  operation  is  no  less 
imperative. 

Of  the  anaesthetics  chloroform  is  generally  chosen,  because  it  is 
less  irritating  to  the  bronchi,  also  because  it  is  apt  to  cause  less 
struggling  and  less  consequent  danger  of  rupture  into  the  lung  and 
immediate  suffocation.  Morrison  says  that  the  patient  should  not 
be  turned  over  after  he  is  anaesthetized.     The  danger  of  either  chloro- 


TREATMENT  OF  PLEURISY.  01 

form  or  ether  is  to  be  regarded  as  somewliat  greater  than  iu  (jtlier 
operations. 

As  to  the  site  of  incision,  the  position  of  the  patient,  and  the 
necessit}^  for  thorough  asepsis,  nothing  need  be  added  to  what  has 
already  been  said  in  the  preceding  section.  Eesection  is  a  safe  and 
eas3'  operation  which  no  well-trained  physician  need  hesitate  to  per- 
form. A  single  cut,  three  inches  in  length,  will  lay  bare  the  rib. 
While  the  wound  is  held  open  by  the  aid  of  retractors,  the  periosteum 
is  crowded  to  each  side  by  an  elevator  until  the  outer  surface  of  the  rib 
is  denuded  to  an  extent  of  about  two  inches.  The  same  is  done  along 
the  edges  and  underneath  until  the  rib  is  entirely  separated  from  its 
attachments  to  the  soft  parts.  It  is  then  grasped  bj^  strong  forceps, 
and  by  the  use  of  any  of  the  specially  designed  rib  cutters,  or  of  an 
ordinary  bone  forceps,  a  jDiece  about  one  and  a  half  inches  long  is  ex- 
cised; this  does  not  sever  the  intercostal  artery  which  has  been  sepa- 
rated from  the  bone  with  the  periosteum.  If  care  has  been  taken  the 
jDleura  is  still  intact,  and  is  now  opened  by  a  small  incision.  The  fore- 
finger is  then  inserted  and  swept  about  the  walls  in  every  direction  to 
clear  away  any  pockets  or  fibrinous  clumps ;  it  is  then  held  in  the 
wound  in  such  a  way  that  the  exit  of  the  i)us  is  slow.  By  the  time 
this  is  finished  the  patient  will  have  partially  recovered  from  the 
anaesthetic.  He  can  now  be  turned  upon  the  affected  side,  and  lifted, 
first  by  the  legs  and  then  by  the  shoulders,  in  such  a  way  that  the 
chest  will  at  last  become  thoroughly  emptied. 

At  this  stage  it  has  always  been  customary,  until  ■v\nthin  a  very 
short  time,  to  in-igate  the  j)leural  cavity;  and  it  has  also  been 
thought  necessary  to  repeat  these  irrigations  later  at  frequent  inter- 
vals until  recovery  was  complete.  The  last  few  years  have  seen  the 
almost  complete  abandonment,  first  of  the  subsequent  irrigations, 
and  finally  also  of  the  one  at  the  time  of  operation.  The  objections 
to  irrigation  are,  first,  that  it  is  unnecessary  and  indeed  actually 
retards  recovery,  and  second,  that  it  is  dangerous.  This  latter  ob- 
jection has  always  been  admitted;  the  occasional  forms  of  sudden 
death,  "  pleural  epilepsy,"  convulsive  seizures,  and  the  like,  incident  to 
washing  and  other  manipulations,  have  already  been  fully  described 
in  the  section  on  Complications.  But  it  has  been  supposed  that  the 
advantages  of  lavage  far  outweighed  the  possibility  of  these  accidents, 
and  its  use  has  been  continued.  It  now  appears,  however,  that  irri- 
gation prolongs  the  suppurative  process.  Euneberg's  observations 
in  this  connection  are  extremely  suggestive  if  not  con%'incing :  From 
1876  to  1880  aU  empyemas  ti^eated  at  the  clinic  of  Helsingfors  were 
irrigated  daily ;  the  average  duration  was  101  days,  and  there  were 
30  per  cent,  of  complete  cures.     From  1883  to  1885  a  single  lavage 
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only  was  made  at  the  time  of  operation ;  tlie  average  duration  fell  to 
84  days,  and  the  cures  increased  to  70  per  cent.  From  1885  to  1890 
irrigation  lias  been  discarded  entirely  except  in  putrid  cases ;  in  48 
uncomplicated  cases  the  duration  was  52  days,  and  46,  or  96  per  cent., 
were  cured.  While  due  allowance  should  be  made,  as  Euneberg 
says,  for  the  influence  of  other  factors,  that  of  irrigation  seems  to  be 
dominant. 

The  shortest  case  of  empyema  which  ever  occurred  in  my  own 
practice  was  metapneumonic  in  a  man  of  thirty -four;  resection  evacu- 
ated about  two  pints  of  thick  pus ;  there  was  no  lavage  at  the  time  of 
operation  or  afterward ;  complete  and  permanent  cure  occurred  in  ten 
days  under  only  two  dressings. 

Among  those  who  besides  Buneberg  have  also  done  away  with 
irgation  are  Laache,  Beck,  Koenig,  Bucquoy,  and  Morrison.  In 
putrid  empyema  irrigation  is  still  practised  by  most  operators, 
though  Hertz  finds  that  simple  resection  and  drainage  are  here  also 
sufficient  to  effect  a  cure.  The  pleural  cavity  should  be  thoroughly 
irrigated  once,  or,  in  severe  cases,  twice  a  day.  It  is  best  for  this 
purpose  to  use  a  weak  solution  of  either  boric  or  salicylic  acid,  and 
finally  to  disinfect  by  a  1 :  2000  sublimate  solution  (Koenig)  which  is 
then  immediately  drained  off.  Occasionally  a  putrid  empyema  is 
best  treated  by  making  a  second  incision  at  the  posterior  base  close 
to  the  spine. 

After  incision  and  thorough  emptying  of  the  chest  a  drainage 
tube,  well  powdered  with  iodoform,  is  introduced.  This  is  prevented 
from  slipping  into  the  chest  by  two  or  three  large  safety  pins,  which 
transfix  its  outer  end  in  such  a  way  as  not  to  obstruct  the  fiow,  and 
from  which  if  necessary  strips  of  gauze  may  be  carried  around  the 
chest  and  tied.  The  tube  should  be  as  large  as  the  finger,  and  two 
and  a  half  to  three  inches  in  length. 

I  am  in  the  habit  of  closing  the  external  wound  on  each  side  of 
the  drain  by  two  or  three  deep  stitches ;  first  intention  is  usually  ob- 
tained, and  a  large  granulating  surface  is  thus  avoided. 

A  layer  or  two  of  iodoform  gauze  should  be  laid  between  the 
safety  pins  and  skin  to  prevent  an  ulcerative  indentation.  The 
dressing  should  be  lege  artis,  and  extremely  large :  iodoform  gauze 
over  and  about  the  tube,  then  a  dozen  layers  of  sterilized  gauze, 
covered  by  an  immense  pad  of  sterilized  cotton  which  envelops  the 
whole  side  from  clavicle  to  cresta  ilii.  The  axilla  should  be  espe- 
cially padded;  Koenig  includes  even  the  arm. 

The  after-treatment  is,  according  to  Koenig,  a  no  less  essential 
feature  than  the  operation  itself.     Two  things  are  especially  important, 
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namely,  the  change  of  dressings  and  effectual  draioage.  The  guide 
to  the  former  is  the  saturation  of  the  dressing  with  pus,  as  shown  by 
its  appearance  externally,  and  the  temperature.  In  the  event  of  either 
fever  or  moisture  the  dressing  must  be  immediately  changed.  In 
some  cases  the  first  dressing  may  remain  a  week ;  oftener  it  must  be 
removed  in  a  day  or  two  (aseptic  precautions),  while  the  second  need 
not  be  disturbed  for  several  days.  Rarely  it  is  necessary  to  dress 
dail.y.  Perfect  drainage  must  be  assured  by  an  appropriate  position 
of  the  patient.  The  plan  pursued  by  Koenig  has  been  attended  with 
such  excellent  results  that  it  may  here  be  described.  The  patient 
is  made  to  lie  as  much  as  possible  on  the  affected  side.  Four  times 
daily  during  the  first  week,  and  later  two  or  three  times  a  day,  he  is 
lifted  by  an  attendant  as  follows :  first,  in  the  lateral  posture,  he  is 
raised  hy  the  trunk  and  lower  extremities,  so  as  to  rest  for  a  moment 
upon  the  shoulder,  this  drains  from  below;  he  is  then  lifted  by  the 
shoulders  to  insure  drainage  from  above;  and  finally,  the  first  move- 
ment is  repeated.  If  the  patient  is  xerj  heavy  he  can  so  hang  the 
shoulders  over  the  edge  of  the  bed  that  the  same  drainage  from  below 
is  accomplished  without  assistance. 

A  few  days  after  the  operation  the  patient  may  go  about  if  there 
is  little  or  no  fever  and  not  very  much  discharge.  It  is  best,  however, 
for  him  to  lie  for  a  while  each  day  on  the  affected  side,  and  to  go 
through  the  above-described  movements. 

The  final  removal  of  the  tube  must  be  determined  by  the  amount 
of  discharge,  and  by  a  careful  probing  of  the  fistula  with  a  soft 
catheter.  Not  infrequently  it  is  found  in  the  dressing  and  cannot  be 
put  back ;  in  this  event,  if  the  quantity  of  pus  is  already  small,  the 
question  may  be  regarded  as  having  settled  itself. 

SijyJion  Drainage. — This  so-called  "  method  of  Biilau"  has  found  but 
little  favor  outside  of  Germany,  and  even  there  it  is  used  by  only  a  few 
operators,  among  whom  are  Immermann,  Curschmann,  Leyden,  and 
Sahii.  The  chest  is  first  punctured  with  a  large  trocar,  some  6  to  13 
mm.  in  diameter.  After  most  of  the  pus  is  thus  withdra"UTi,  a  soft-rub- 
ber catheter  is  inserted  through  the  cannula  into  the  chest,  and  over  it 
the  cannula  is  removed.  To  this  catheter  is  attached  a  long  rubber 
tube,  the  other  end  of  which  passes  to  the  bottom  of  a  bottle  partly 
filled  with  an  antiseptic  fluid,  or  into  a  larger  jar  at  the  side  of  the 
bed.  The  pus  is  thus  continuously  siphoned  from  the  chest  into  the 
bottle,  while  if  at  any  time  the  siphon  is  broken  there  is  no  possi- 
bility of  a  backflow  of  air  into  the  chest.  Various  objections  are 
made  to  this  method — that  drainage  is  imperfect  and  unsatisfactory, 
that  the  tube  becomes  frequently  obstructed,  that  it  eventually  be- 
comes loose,  that  the  bottle  has  to  be  carried  about,  and  so  on.     None 
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of  these  can  be  considered  valid  if  the  ultimate  results  are  favorable ; 
and  these  results  certainly  seem  to  have  been  good,  Sahli  reports 
twelve  cases  thus  treated,  the  duration  of  which  varied  from  twelve 
to  seventy-two  days;  Curschmann  had  sixty-three  good  results  in 
seventy-five  cases.  Without  having  seen  any  actual  trial  of  this 
method,  it  seems  to  me  that  in  selected  cases  it  might  be  of  con- 
siderable value.  It  is  usually  thought  to  be  inapplicable  to  children, 
but  Patton  appears  to  have  treated  large  numbers  in  this  way  with 
satisfactory  results,  A  possible  field  of  usefulness  is  especially  the 
chronic  tuberculous  form  of  empyema,  and  perhaps  also  the  pneu- 
mococcal empyemas  of  adults. 

Such  are  the  various  operations  for  empyema  and  their  special 
indications.  If  these  fail,  if  the  cavity  does  not  close,  and  after 
months  or  years  the  fistula  still  continues  to  discharge,  there  still 
remains  a  possibility  of  cure  by  the  operation  known  as  thoracoplasty 
— also  commonly  called  the  operation  of  Estlander.  By  the  removal 
of  a  section  of  several  ribs,  the  thoracic  wall  is  enabled  to  sink  in  and 
helps  to  fill  the  suppurating  cavity.  When  the  fistula  persists  simply 
because  the  lung  cannot  expand,  the  usefulness  of  this  operation  is 
often  very  great,  Koenig,  however,  believes  that  this  indication  is 
rare,  and  that  most  fistulse  are  ept  open  by  a  caries,  or  by  a  small 
pocket  of  pus  concealed  somewhere  beneath  a  rib,  or  by  some  sup- 
purative process  of  the  lung  itself ;  in  such  cases  an  extensive  resec- 
tion would  be  of  little  service.  For  the  details  of  the  operation,  and 
for  other  methods  of  dealing  with  such  fistulse,  I  must  refer  to  works 
on  special  surgery, 

A  word  may  here  be  said  in  regard  to  the  phenomenon  of  re- 
expansion  of  the  lung  while  there  is  still  a  pleural  fistula.  Is  it  the 
result  of  an  inspiratory  or  expiratory  force ;  and  what  prevents  sub- 
sequent collapse?  In  tlie  first  place  it  is  to  be  remarked  that  at  the 
time  of  the  operation  of  an  empyema  the  lung  will  often  immediately 
expand  so  as  to  be  palpable  in  the  wound ;  I  myself  have  seen  this, 
and  it  is  a  matter  of  very  general  experience.  Here  it  is  manifest 
that  inspiration  can  have  absolutely  no  effect  upon  the  lung,  since 
the  external  opening  is  large  and  free,  and  no  vacuum  can  possibly 
be  created  in  the  pleural  cavity.  The  only  force  capable  of  such  an 
effect  is  an  expiratory  one,  such,  for  example,  as  occurs  with  cough, 
when  the  glottis  is  closed  and  the  thorax  contracts  violently  upon  the 
contained  air.  Once  expanded,  the  lung  can  avoid  subsequent  collapse 
in  only  three  possible  ways :  either  it  is  held  from  without  by  some 
force  of  cohesion,  or  from  within  by  inability  of  the  air  to  escape,  or 
because  it  has  lost  some  of  its  retractile  power.     As  to  cohesion,  the 
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exi)eriments  of  Nortlirup  certainly  demonstrate  that  under  normal 
conditions,  at  least,  it  is  not  sufficient  to  overcome  the  retractile 
power  of  the  lung;  whether  this  is  also  true  under  diseased  conditions 
is  uncertain;  it  seems  quite  possible  that  this  cohesion  may  be 
materially  increased  when  the  pleural  surfaces  are  ijiflamed.  On  the 
other  hand,  neither  of  the  other  sui)i)ositions  in  regard  to  the  lung 
itself  is  inconceivable.  That  normally  the  air  contained  in  the 
terminal  alveoli  cannot  wholly  and  immediately  escape  is  very  prob- 
able; for  instance,  in  Northrup's  experiments  an  animal  with  double 
artificial  pneumothorax  did  not  at  once  suffer  the  great  distress  which 
afterward  developed.  O'Dwyer  suggests  the  possibility  of  a  force  of 
attraction  between  the  oxygen  of  the  air  and  the  haemoglobin  of  the 
pulmonary  capillaries  which  may  exercise  a  certain  restraining  effect 
upon  the  air.  Again,  a  lung  which  has  been  long  compressed  may 
have  temijorarily  lost  much  of  its  retractility;  and  these  two  factors 
combined,  to  which  possibly  a  certain  degree  of  cohesion  may  be 
added,  may  be  sufficient  to  maintain  the  lung,  for  a  while  at  least,  in 
the  inspiratory  position.  Later  we  maj-  admit  with  Aufrecht  that  in- 
spiratory efforts  have  much  to  do  with  the  reexpansion  of  the  lung, 
when  the  external  opening  is  covered  with  a  bandage,  or  is  so  small 
that  a  partial  intrapleural  vacuum  with  deep  inspiration  is  not  im- 
possible ;  the  gradual  development  of  adhesions  (Fraentzel,  Aufrecht) 
may  then  enable  the  lung  to  maintain  the  advantage  thus  gained. 

The  treatment  of  certain  special  forms  of  empyema  has  not  yet 
been  mentioned.  In  double  empyema  it  is  usually  deemed  best  to  op- 
erate upon  the  two  sides  at  an  interval  of  five  to  ten  days.  Encapsu- 
lated empyema  should  be  treated  like  any  other ;  here  of  course  the  site 
of  incision  is  not  a  matter  of  choice.  Existing  perforation,  whether  the 
result  of  vomica  or  external  fistula,  should  alter  in  no  wise  the  site  of 
operation.  Any  attempt  to  dilate  the  fistula  and  insert  a  di'ain  will 
probably  be  of  little  or  no  benefit.  Resection  is  here  especially  desir- 
able, and  it  should  be  done,  as  usual,  in  the  axillary  or  posterior 
region. 

The  subsequent  general  and  hygienic  treatment  of.  an  empyema, 
after  the  fistula  has  closed,  does  not  differ  from  that  of  serofibrinous 
effusion  when  absorption  is  nearly  complete.  Here  especially  every 
effoiH:  should  be  made  to  bring  about  full  expansion  of  the  lung.  The 
Wolff's  bottles  are  adjuvants;  so  are  also  light  gymnastics.  In  most 
cases  nothing  could  better  meet  the  indications  than  the  tonic  effect, 
both  upon  the  general  constitution  and  the  lung,  of  mountain  climb- 
ing or  other  out-of-door  exercise  in  an  elevated  region  like  Colorado. 
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PNEUMOTHOKAX. 

Definition. — An  accumulation  of  air  in  the  pleural  cavity.  The 
combination  of  both  air  and  serum  constitutes  a  pneumohydrothorax ; 
of  air  and  pus,  a  pneumopyothorax ;  or  if  air  and  blood  are  found 
together,  a  pneumohsemothorax  is  said  to  exist. 

Etiology. 

Up  to  the  time  of  Itard,  in  the  early  part  of  the  present  century, 
gas  in  the  pleural  cavity  had  only  been  remarked  as  an  occasional  post- 
mortem occurrence.  Itard  first  called  especial  attention  to  this  con- 
dition dviring  life,  and  gave  it  the  name  which  it  now  bears.  He  sup- 
posed that  it  was  due  to  a  decomposition  of  pus  which  had  resulted 
from  the  breaking  down  of  the  lung.  Laennec  then  showed  that  the 
lung  was  simply  compressed,  not  destroyed.  He  recognized,  too,  that 
the  condition  was  often  caused  by  pleural  perforation ;  but  he  also  sup- 
posed that  many  cases  were  produced  by  the  decomposition  of  pus, 
and  even  that  in  some  instances  gas  was  secreted  by  the  pleural  wall. 
Later  investigation  demonstrated  more  and  more  conclusively  that 
the  great  majority  of  cases  were  due  to  perforation,  and  a  critical 
examination  of  the  instances  of  so-called  "essential"  pneumothorax 
showed  that  most  of  these  cases  could  readily  be  accounted  for  on  the 
same  basis.  At  the  present  time,  it  is  the  general  belief  that  pneu- 
mothorax always  results  from  perforation,  although  a  few — Weil, 
Biermer,  and  Senator,  among  others — still  hold  that  gas  may  excep- 
tionally develop  from  decomposition.  A  recent  observation  of  Levy 
is  of  remarkable  interest  as  apparently  confirming  this,  the  original 
view  of  Laennec.  In  an  individual  with  pneumothorax  following 
pleuritic  effusion,  culture  of  the  aspirated  fluid  showed  an  anaerobic 
microbe,  in  the  form  of  short,  thick  rods  with  rounded  ends,  which 
possessed  the  function  of  rapidly  developing  gas ;  this  occurred  both 
in  the  culture  medium  and  in  the  tissues  of  guinea-pigs,  in  which 
inoculation  produced  a  gaseous  phlegmon  at  the  site  of  injection.  A 
post-mortem  examination  and  careful  search  failed  to  show  any  perfo- 
ration in  Levy's  case,  and  it  is  regarded  by  Dippe  as  absolutely  demon- 
strating the  spontaneous  development  of  pneumothorax  from  decom- 
position. But  even  if  this  should  be  confirmed,  it  would  not  change 
the  almost  universal  rule  that  pneumothorax  is  caused  by  the  entrance 
of  air  into  the  pleural  cavity  from  without  by  perforation.  It  is 
always,  therefore,  a  secondary  disease. 

The  primary  condition  which  is  responsible  for  pleural  perforation 
in  a  very  great  majority  of  cases  is  pulmonary  tuberculosis.     Walshe, 
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Weil,  Powell,  and  Fraentzel  all  agree  in  ascribing  at  least  ninety  per 
cent,  of  all  cases  to  this  cause ;  and  the  individual  experience  of  every 
practitioner  cannot  fail  to  confirm  this  estimate.  On  the  other  hand, 
the  i)roportion  of  phthisical  subjects  thus  attacked  is  not  large.  It  is 
usually  stated  to  be  from  3  to  5  per  cent. ;  thus  Eichhorst  found  only 
5  i)er  cent,  among  890  cases  of  phthisis ;  Gutmann  in  the  autopsical 
records  of  2,200  cases  of  the  latter,  found  pneumothorax  nested  in 
only  4.2  per  cent.  Weil's  results  were  somewhat  different,  pneumo- 
thorax being  present  in  over  10  per  cent,  of  355  cases  thus  examined. 

Pulmonary  phthisis  gives  rise  to  pneumothorax  through  the 
softening  and  rupture  of  a  superficial  tuberculous  nodule.  A  large 
pulmonary  cavity  may  also  occasionally  break  into  the  pleura;  but 
such  cavities  rarely  reach  the  surface  of  the  lung  without  being  pre- 
ceded by  an  adhesive  pleurisy  which  exercises  here  an  extremely 
beneficent  and  conservative  function.  Pneumothorax  is  therefore 
most  likely  to  be  associated  with  the  earlier  and  more  acute  forms  of 
phthisis,  from  the  rapid  development  and  softening  of  fresh  tuber- 
culous nodules ;  these  nodules  may  sometimes  originate  in  the  pleura ; 
probably  as  a  rule  they  develop  in  the  lung  itself.  At  the  same  time 
pneumothorax  is  not  confined  to  any  one  stage  or  form,  and  is  cer- 
tainly common  enough  as  a  terminal  condition  in  all  varieties  of 
chronic  phthisis.  As  a  rare  circumstance  may  be  mentioned  the 
occurrence  of  pneumothorax  in  phthisis  from  the  rupture  of  an  em- 
physematous vesicle  (Gaillard,  Zahn). 

Of  the  ten  per  cent,  or  so  of  cases  which  are  not  referable  to  phthi- 
sis, more  are  the  result  of  empyema  than  of  any  other  one  cause.  We 
have  already  seen  that  it  is  not  an  uncommon  event  for  empj^ema  pus 
to  find  a  way  of  escai)e  through  the  lung,  especially  in  the  pneumo- 
coccal form.  Usually  pneumothorax  does  not  accompany  vomica; 
the  pus  filters  through  the  pulmonary  tissue  in  such  a  way  that  the 
air  gets  no  opportunity  to  enter  the  pleural  cavity.  But  there  are 
exceptions  to  this  rule ;  and  a  larger  spot  of  necrosis,  or  a  direct 
tear  into  a  bronchus  with  sudden  evacuation  of  large  quantities  of 
pus,  makes  a  pneumothorax  unavoidable. 

Other  causes  of  pneumothorax  are  individually  rare,  and  include, 
besides  trauma,  most  of  the  destructive  processes  which  involve 
the  neighboring  organs.  Traumatic  pneumothorax  may  arise  from 
all  sorts  of  penetrating  wounds,  among  which  operation  for  em- 
pyema is  the  most  frequent ;  from  fracture  of  a  rib,  without  neces- 
sarily any  external  wound,  both  pleura  and  lung  being  lacerated  by 
the  broken  ends ;  also  from  severe  contusion  or  even  concussion  of 
the  chest,  the  lung  being  simply  ruptured  by  violent  compression. 
Here  also  should  be  included  those  rare  forms  of  pneumothorax 
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wliicli  have  resulted  from  traumatic  perforation  of  the  oesophagus,  as 
by  a  fishbone,  or  from  bougies  used  for  stricture — for  example,  the 
case  of  Buss  in  which  death  occurred  in  four  days  from  putrid  pneu- 
mothorax, and  the  sound  was  found  to  have  passed  directly  into  the 
pleural  cavity. 

Destructive  processes  which  may  produce  pneumothorax  are  the 
following : 

(a)  Pulmonary :  Gangrene  of  the  lung,  rarely  the  classical  affec- 
tion, oftener  the  disseminated  form  such  as  Tesults  from  small  pysemic 
emboli  in  connection  with  ulcerative  endocarditis  or  pylephlebitis 
and  after  operations.  Bronchiectasis,  when  puti-idity  has  developed 
with  consequent  necrosis  of  the  bronchial  wall;  here  the  resulting 
pneumopyothorax  is  also  j^utrid.  BroncJiopneumonia,  according  to 
Rilliet  and  Barthez  not  an  uncommon  cause  in  children,  and  produc- 
ing pneumothorax  by  the  rupture  of  minute  superficial  abscesses  which 
these  authors  term  vacuoles.  Finally,  pulmonary  abscesses  from 
croupous  pneumonia  or  infarction — a  very  exceptional  cause ;  cancer 
of  the  lung,  and  in  rare  instances  an  hydatid  cyst. 

(b)  Mediastinal:  Softening  of  the  bronchial  glands  and  resulting 
communication  with  both  oesophagus  and  pleura ;  oesophageal  ulcera^ 
tion  from  either  cancer  or  stricture. 

(c)  Abdominal :  Especially  abscesses  such  as  may  originate  in  an 
ulcer  of  the  stomach  or  duodenum,  and  by  breaking  into  the  pleura 
connect  the  latter  with  the  gastrointestinal  canal ;  abscesses  and  sup- 
purating cysts  of  the  liver,  also  nephritic  and  perinep>hritic  abscesses, 
which  make  their  way  through  the  adherent  pleurae  into  the  lung, 
with  subsequent  rupture  of  the  phrenopulmonary  adhesions  (Netter). 

Pneumothorax  in  children  has  already  been  alluded  to  as  occa- 
sionally resulting  from  pneumonia.  Sevestre  has  even  observed  two 
cases  at  the  age  of  sixteen  months,  one  in  connection  with  broncho- 
pneumonia, and  the  other  with  hereditary  syphilis.  Cnopf  has  called 
particular  attention  to  pneumothorax  in  childhood,  and  finds  that  in 
addition  to  occasional  forms  corresponding  to  those  in  adults,  an- 
other may  be  met  with  in  connection  with  diphtheria  and  trache- 
otomy. Cnopf  has  seen  four  of  these  cases,  all  after  tracheotomy, 
and  considers  them  due  to  rupture  of  an  anaemic  lung. 

Still  another  and  not  the  least  interesting  form  of  pneumothorax 
remains  to  be  considered — that  commonly  known  as  "accidental," 
formerly  also  termed  "essential"  pneumothorax,  because  it  was  sup- 
posed to  be  idiopathic.  Its  characteristic  feature  is  its  occurrence  in 
individuals  who  have  always  been  in  seemingly  perfect  health,  and 
who  remain  so  after  recovery.  Gaillard  has  analyzed  thirty-seven 
cases  of  this  sort,  among  them  twenty-two  in  which  the  pneumothorax 
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was  not  followed  by  effusion.  The  form  usually  develops  suddenly 
without  adequate  exciting  cause ;  and  it  is  the  opinion  of  Gaillard, 
in  which  he  is  supported  by  most  authorities,  that  a  considerable  pro- 
portion of  these  cases  is  due  to  emphysema,  but  not  to  the  typical  form 
of  chronic  inveterate  emphysema  associated  with  asthma;  pneumo- 
thorax may  indeed  follow  this  form,  but  it  does  so  very  rarely,  as  shown 
by  the  fact  that  Gaillard  could  collect  but  twelve  instances.  In  early 
life  also,  in  spite  of  the  frequency  of  emphysema  with  bronchopneu- 
monia and  whooping-cough,  resulting  pneumothorax  is  very  unusual. 
It  is  rather  to  the  vicarious  and  localized  emphysemas  of  young 
adults  that  Gaillard  refers,  and  he  explains  this  apparent  paradox  as 
follows :  For  the  production  of  pneumothorax  by  the  rupture  of  an 
emjjhysematous  vesicle  there  must  be  a  corresponding  rupture  of  its 
pleural  investment;  in  the  young  and  very  old  the  subpleural  con- 
nective tissue  is  more  relaxed  and  yielding  than  in  early  adult  life, 
in  which  the  pleura  is  firmly  adherent  to  the  subjacent  lung,  so  that 
the  rupture  of  one  involves  that  of  the  other.  Only  three  of  Gaillards' 
cases  came  to  autopsy ;  in  all  a  ruptured  vesicle  was  found,  and  in 
none  was  there  the  least  evidence  of  tuberculosis.  Still,  it  is  the  op- 
inion of  some  authorities  that  all  such  cases  are  really  tuberculous. 
The  form  is  infrequent  as  may  be  inferred  from  the  limited  number 
of  cases  (thirty-seven)  collected  by  Gaillard. 

The  acute  pleurisy  with  serofibrinous  or  purulent  effusion,  which 
is  an  almost  invariable  result  of  pneumothorax,  is  rarely  if  ever  due 
to  the  simple  presence  of  air.  Upon  this  point  there  is  entire  agree-r 
meut  between  the  results  of  experiment  (l\^intrich,  Weil,  more  re- 
cently those  of  Szupak  on  the  injection  of  pure  air  into  the  pleural 
cavity  of  dogs)  and  clinical  observation.  In  the  accidental  forms — 
such  as  presumably  result  from  simple  rupture  of  the  lung — there  is 
often  no  pleurisy  whatever,  and  the  course  of  the  disease  is  extremely 
benign.  Here  recent  studies  in  the  etiology  of  pleurisy  (see  the  sec^ 
tion  on  Etiology  of  Serofibrinous  and  Purulent  Pleurisy )  are  of  great 
suggestive  value  and  leave  but  little  doubt  that  the  essential  element 
here  as  elsewhere  is  microbic  infection.  The  bacillus  tuberculosis 
alone  appears  to  produce  only  the  serofibrinous  form.  It  can  rarelj^ 
be  demonstrated  by  the  microscope  or  culture,  but  inoculation  seems 
to  have  given  invariably  positive  results  in  the  few  cases  in  which  it 
has  been  tried.  Netter,  for  example,  in  twelve  cases  of  inoculation, 
did  not  fail  once  to  produce  tuberculosis. 

On  the  other  hand  we  may  safely  affirm  that  a  pneumopyothorax 
can  occur  only  when,  in  addition  to  air  and  the  bacillus  tuberculosis, 
pyogenic  organisms  have  entered  the  pleural  cavity.  In  three  cases 
examined  Netter  found  the  staphylococcus  pyogenes  together  with 
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certain  saprogenic  germs ;  undoubtedly  the  latter  predominate  in  the 
putrid  form.  The  streptococcus  also  is  probably  concerned  in  the 
production  of  many  cases — the  pneumococcus  rarely,  since  pneumo- 
thorax is  seldom  associated  with  pneumonia.  That  many  cases  of 
accidental  and  an  occasional  tuberculous  pneumothorax  should  not  be 
followed  by  pleural  inflammation  is  not  difficult  to  understand.  It  is 
well  known  that  the  air  of  the  terminal  alveoli  is  normally  in  a 
condition  of  great  purity;  and  it  is  not  surprising  that  with  the 
simple  rupture  of  a  superficial  vesicle  the  pleural  cavity  should 
escape  infection. 

Pneumothorax  corresponding  to  its  usual  phthisical  origin  is  a 
disease  largely  of  young  adults.  It  occurs  somewhat  oftener  in  males 
than  in  females,  and  twice  as  often  in  the  left  as  in  the  right  pleural 
cavity.  The  immediate  exciting  cause  of  pneumothorax  may  be  any 
marked  expiratory  effort  such  as  a  hearty  laugh  or  a  sneeze,  lifting, 
straining  at  stool,  and  especially  covigh.  Oftenest  no  cause  is  to  be 
discovered ;  Weil  found  none  in  about  ninety  per  cent,  of  his  cases. 

Pathological  Anatomy. 

The  affected  side  is  seen  to  be  dilated,  with  more  or  less  oblitera- 
tion of  the  intercostal  spaces:  On  puncture  the  air,  if  under  positive 
pressure,  will  escape  with  a  perceptible  hissing  sound,  and  possibly 
with  sufficient  force  to  extinguish  a  lighted  candle.  The  pleural 
cavity  when  opened  may  appear  as  a  large  empty  space  occupying 
more  than  haK  of  the  thorax ;  the  heart,  mediastinum,  and  diaphragm 
are  much  displaced,  and  the  lung  is  compressed  to  one-fifth,  or  even 
less,  of  its  usual  size.  Usually,  however,  the  cavity  contains  a  vary- 
ing quantity  of  fluid ;  its  walls  are  covered  with  an  irregular  layer  of 
fibrin,  and  if  this  be  removed  the  pleura  beneath  shows  all  the  usual 
evidences  of  inflammation  (see  Dry  Pleurisy). 

The  lung,  on  closer  examination,  is  found  to  be  compressed  up- 
wards, inwards,  and  backwards  against  the  spine  into  a  small  fleshy 
mass  about  the  size  of  the  two  fists.  Its  color,  when  not  concealed 
by  fibrinous  deposits,  is  bluish  or  reddish  -brown.  The  perforation 
may  appear  as  a  rent  half  an  inch  or  more  in  length,  as  for  instance 
in  connection  with  gangrene;  oftener  it  is  not  larger  than  a  pin's  head 
and  is  very  difficult  to  detect  on  simple  inspection ;  if,  however,  the 
lung  be  inflated  under  water  the  escape  of  bubbles  will  usually  indi- 
cate its  site.  This  site  is  oftenest  in  the  upper  lobe— according  to 
Weil  four  times  out  of  five — and  also  oftenest  along  its  anterior 
margins,  or  in  the  axillary  line.  Around  it  there  is  generally  a 
thicker  deposit  of  fibrin  than  elsewhere.     On  section  the  lung  is 
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found  full  of  blood  and  atelectatic.  It  contains  absolutely  no  air; 
what  is  left  after  compression  is  rapidlj^  absorbed,  a  process  wliich 
is  often  complete  one  to  two  hours  from  the  time  of  perforation 
(Wintrich,  Traube).  Of  the  tuberculous  and  other  processes  which 
may  be  found  in  the  lungs  on  both  sides,  no  description  need  here  be 
given. 

The  tension  of  the  contained  air  has  been  tested  by  Homolle, 
Powell,  Ley  den,  Weil,  and  others,  and  found  to  vary  within  very  wide 
limits,  from  markedly  positive  to  equally  marked  negative  pressure. 
This  difference  depends  wholly  on  the  character  of  the  perforation — 
whether  open,  closed,  or  valvular.  A  pneumothorax  is  said  to  be 
open  as  long  as  there  is  perfectly  free  entrance  and  exit  of  air;  intra- 
pleural tension  is  then  practically  that  of  the  atmosphere.  On  the 
other  hand,  a  closed  pneumothorax  is  one  in  which  the  original  per- 
foration has  become  wholly  occluded  so  that  with  neither  inspira- 
tion nor  expiration  does  it  permit  the  passage  of  air.  Such  closure 
may  be  effected  by  immediate  cicatrization,  or  bj^  a  slower  process 
under  the  favoring  influence  of  an  effusion,  or  by  a  false  membane ;  it 
is  not  necessarily  permanent.  Intrapleural  tension  in  closed  pneumo- 
thorax may,  at  the  moment  of  occlusion,  be  amthing  from  atmospheric 
to  highly  positive ;  later  it  diminishes  as  the  air  becomes  absorbed, 
and  eventually  becomes  increasingly  negative.  Closed  pneumothorax 
is  infrequent,  even  months  after  the  onset.  Weil  found  it  only  seven 
times  in  thirty-three  cases.  The  usual  form  of  pneumothorax,  espe- 
cially in  tuberculous  cases,  is  the  valvular;  the  perforation  being  of 
such  a  character  that  it  opens  only  at  certain  phases  of  respiration 
and  closes  at  others.  The  explanation  usually  given  is  that  with  ex- 
piratory retraction  the  tortuous  fistula  closes,  or  the  lips  fall  to- 
gether, or  a  bit  of  false  membrane  at  the  orifice  forms  an  actual  valve ; 
hence  with  each  inspiration  air  is  sucked  into  the  pleura,  which 
cannot  escape  with  expiration,  and  thus  a  high  degree  of  tension 
is  soon  reached.  The  objections  to  this  theory  are,  as  perceived 
by  Behier,  first,  that  the  affected  side  is  already  in  permanent  in- 
spiratory position,  and  practically  takes  no  further  part  in  respira- 
tion ;  and  second,  that,  even  if  it  did  so,  as  soon  as  the  intrapleural 
pressure  at  the  end  of  inspiration  exceeds  the  intrapulmonary,  it  is 
difiicult  to  understand  how  still  more  air  could  possibly  be  pumped 
in.  Bouveret  makes  the  much  more  plausible  suggestion  that  in  val- 
vular pneumothorax  it  is  by  expiratory  efforts,  chiefly  cough,  that 
an  excess  of  air  is  forced  into  the  pleura.  The  perforation  gives  way 
to  the  force  from  within  the  lung,  but  closes  as  soon  as  the  latter 
ceases,  the  closure  being  further  maintained  by  the  constantly  in- 
creasing excess   of  intrapleural  tension.     It  seems  to  me  probable 
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that  while,  after  a  pneumothorax  is  once  established,  a  slight  addi- 
tional amount  of  air  may  be  pumped  in  by  inspiration,  all  extreme 
cases  can  be  accounted  for  only  by  the  expiratory  theory  of  Bouveret. 

The  composition  of  the  air  contained  in  the  pleural  cavity  has 
been  subjected  to  several  analyses,  first  by  Davy,  later  by  Wintrich, 
Demarquay  and  Leconte,  and  Ewald,  more  recently  by  Kodet  and 
Pourrat.  The  sum  of  these  observations  is  that  in  open  pneumothorax 
the  air  differs  but  little  in  composition  from  the  external  atmos- 
phere, containing  oxygen,  nitrogen,  and  carbonic  acid.  If,  however, 
the  pneumothorax  become  closed,  the  oxygen  steadily  diminishes  and 
the  carbonic  dioxide  increases ;  in  pneumopyothorax  the  proportion 
of  the  latter  may  be  as  high  as  forty -nine  per  cent.  (Hoppe-Seyler). 
In  putrid  cases  there  is  also  a  certain  quantity  of  sulphuretted 
hydrogen.  Ewald  has  suggested  the  use  of  such  analysis  to  de- 
termine the  nature  of  the  opening.  He  claims  that  if  there  is  less 
than  five  per  cent,  of  carbonic  acid,  the  perforation  is  probably  open ; 
if  from  five  to  ten  per  cent.,  it  is  partly  open,  i.e.,  valvular;  if  over 
ten  per  cent. ,  it  is  absolutely  closed. 

The  pleuritic  exudate  usually  found  in  connection  with  pneumo- 
thorax may  be  either  serofibrinous  or  purulent.  It  was  formerly 
supposed  that  pneumohydrothorax  was  infrequent,  and  that  pus  was 
the  rule.  Senator  in  1880  called  especial  attention  to  the  frequency 
of  the  serofibrinous  form,  and  since  then  his  observations  have  been 
generally  confirmed.  Weil  met  with  only  eleven  purulent  cases  out 
of  twenty-eight.  Of  Netter's  fifteen  cases  only  three  were  purulent. 
It  seems  therefore  that  the  serofibrinous  is  much  the  more  frequent 
form  of  the  two.     Putridity  is  rare. 

The  displacement  of  heart,  mediastinum,  and  diaphragm  found  in 
pneumothorax  must,  of  course,  depend  somewhat  upon  the  degree  of 
intrapleural  tension,  though  not  so  much  as  might  at  first  thought 
appear.  Both  Powell  and  Weil  have  shown  bj'  experiment  that  even 
in  open  pneumothorax,  where  simply  atmospheric  pressure  prevails  in 
the  pleural  cavity,  the  degree  of  displacement  is  very  great.  It  is  not 
necessary  to  repeat  here  the  explanation  of  this  fact,  already  given  in 
the  section  on  the  pathology  of  pleurisy.  It  was  there  seen  that  the 
displacement  of  the  thoracic  organs  is  more  a  question  of  relative  than 
of  absolute  tension.  If  the  pressure  in  one  pleural  cavity  is  nil,  and 
in  the  other  suddenly  rises  to  15  mm.  of  mercury,  the  heart  and 
mediastinum  must  evidently  move  towards  the  vacuum.  So  with  the 
lung  and  diaphragm ;  normally  held  in  a  state  of  tension  by  the  nega- 
tive pressure  of  the  pleural  cavity,  they  must  relax  the  moment  this 
negative  pressure  is  replaced  by  that  of  even  a  minimum  quantity  of 
air.     It  is  easy,  therefore,  to  understand  why  an  intrapleural  pres- 
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sure  equal  to  that  of  the  external  atmosphere  should  cause  marked 
displacement.  Extreme  degrees  are  found  only  Avith  the  valvular 
form.  The  diaphragm  may  even  curve  downwards,  pushing  before  it 
both  spleen  and  liver;  the  latter  organ  may  lie  quite  outside  the 
thorax,  and,  according  to  Weil,  may  be  tilted  so  that  the  left  lobe  is 
higher  than  the  right.  The  heart,  in  left  pneumothorax,  may  lie 
wholly  to  the  right  of  the  median  line,  and  the  mediastinum  a  couple 
of  inches  beyond  the  border  of  the  sternum.  Here,  as  in  effusion, 
the  heart  is  but  slightly  rotated;  its  apex  maintains  nearly  the  same 
position  relative  to  the  base  as  before.  That  there  may  be  a  very 
considerable  bending  and  occlusion  of  the  inferior  vena  cava  has  been 
demonstrated  by  the  direct  observations  of  Bartels  and  Fraentzel  in 
effusion,  as  well  as  by  the  experimental  results  of  Kosenbach  in  arti- 
ficial pneumothorax. 

Pneumothorax  is  usually  total;  of  Weil's  thirty-six  cases  all 
but  four  involved  the  whole  pleural  cavity.  A  partial  or  circum- 
scribed pneumothorax  may  occur  where  there  are  old  adhesions; 
it  is  found  ofteuest  at  the  base  of  the  chest,  though  its  presence  in 
other  situations,  even  at  the  apex,  is  possible.  Double  pneumothorax 
is  exceedingly  rare. 

Symptoms. 
* 
A  typical  case  of  pneumothorax  presents  an  extremely  ch  aracter- 

istic  comjilex  of  symptoms.  The  onset  is  brusque  and  violent. 
The  patient,  usually  a  consumptive,  more  rarely  an  indi^ddual  in  ap- 
parently good  health,  is  suddenly  seized  with  an  intolerable  pain  in 
the  side.  His  face  expresses  great  anxiety,  even  anguish;  it  may 
be  pale  and  clammy,  with  blueness  of  the  visible  mucosae,  or  more 
distinctly  cyanotic.  He  can  speak  with  difficulty,  or  the  voice  may  be 
entirely  lost.  Violent  paroxysms  of  cough  often  add  to  his  distress. 
His  extremities  are  cold,  the  temperature  is  often  subnormal,  the 
pulse  is  rapid  and  small,  and  the  general  condition  is  one  of  imminent 
collapse.  The  position  assumed  is  characteristic :  the  patient  either 
sits  upon  the  edge  of  the  bed,  slightly  bent,  and  supporting  himself 
with  rigid  arms,  or  he  lies  semi-recumbent  with  knees  drawn  up,  and 
partly  rotated  towards  the  unaffected  side ;  this  latter  position  was  ob- 
served in  all  but  two  of  Weil's  cases.  Exceptionally  pneumothorax 
may  produce  immediate  unconsciousness  (case  of  Klemperer). 

If,  as  usually  happens,  the  immediate  effects  of  such  an  attack  are 
survived,  the  violence  of  the  symptoms  soon  abates.  In  two  to 
three  days  the  pain  and  dyspnoea  are  considerably  relieved,  and  the 
temperature  returns  to  its  former  height,  or  even  higher  as  a  result 
of  the  complicating  pleuritis.     But  this  improvement  is  too  often 
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only  relative;  the  course  of  the  pu-lmonary  disease  is  rarely  modi- 
fied by  this  complication,  and  the  patient  gradually  succumbs  in 
the  course  of  the  next  few  weeks  to  progressive  exhaustion. 

Most  cases  of  pneumothorax  have  the  sudden  onset  above  de- 
scribed. The  initial  symptoms  may  be  less  stormy,  but  there  is 
usually  at  least  a  definite  exacerbation  of  pain  and  dyspnoea.  Weil 
remarks  upon  the  astonishing  accuracy  with  which  most  patients 
with  pneumothorax  can  state  the  exact  moment  of  perforation.  But 
there  are  exceptions  to  this  rule,  and  they  are  frequent  enough  to 
necessitate  great  caution  in  diagnosis.  Especially  is  it  true  that  the 
onset  of  a  partial  pneumothorax  may  be  quite  unnoticed.  Even  a 
total  pneumothorax  in  a  debilitated  subject  whose  respiratory  centres 
are  already  accustomed  to  a  deficiency  of  oxygen,  may  be  wholly  latent 
in  its  development,  as  is  frequently  seen  in  the  terminal  stage  of 
IDulmonary  phthisis.  Here  a  physical  examination  alone  will  dis- 
cover the  true  condition.  The  same  may  be  said  as  to  the  develop- 
ment of  effusion  which  in  the  presence  of  such  marked  respira- 
tory symptoms  as  usually  attend  both  pulmonary  phthisis  and 
pneumothorax  will  often  fail  to  cause  any  notable  change  in  the 
rational  signs. 

Physical  Signs. 

It  is  doubtful  if  there  is  any  disease  which  gives  rise  to  more 
pronounced  and  typical  local  signs  than  a  general  pneumothorax. 

On  iiispection  one  is  immediately  struck  with  the  almost  total  re- 
spiratory immobility  of  the  affected  side.  This  side  also  appears  to 
be  very  considerably  distended,  a  fact  which  may  be  demonstrated  by 
mensuration,  and  the  intercostal  spaces  are  seen  to  be  obliterated  or 
even  bulging.  The  heart's  impulse  may  be  visible  in  the  left  axilla, 
or  to  the  right  of  the  median  line.  The  respiratory  movement  of  the 
opposite  lung  is  much  exaggerated. 

Palpation  discloses  in  many  cases  an  increased  elasticity  of  the 
intercostal  spaces;  when  this  is  marked  intrapleural  tension  is 
probably  high,  and  the  perforation  is  valvular.  Vocal  fremitus  is 
greatly  diminished  or  entirely  absent.  The  position  of  the  heart's 
impulse,  which  in  left  pneumothorax  is  usually  most  marked  over  the 
lower  part  of  the  sternum,  and  that  of  the  lower  border  of  the  liver 
and  spleen,  indicate  the  frequently  enormous  dislocation  of  the  dia- 
phragm and  mediastinum ;  the  whole  liver  may  be  found  below  the 
free  border  of  the  ribs. 

Percussion  on  the  affected  side  gives,  as  a  rule,  a  loud  non- 
tympanitic  note  of  low  pitch.  Many  authors  describe  this  resonance 
as  usually  tympanitic;   but  Weil  states  that  he  has  never  yet  met 


PNEUMOTHORAX.  lOij 

with  tympany  in  a  single  case,  and  my  own  experience  coincides  in 
the  main  with  his.  Theoretically,  too,  we  should  hardly  <'xpect  ji 
tympanitic  resonance  over  a  cavity  with  such  rigid  walls  and  tilled 
with  air  under  high  tension.  The  i)itch,  however,  is  not  always  low. 
It  must  necessarily  rise  with  any  increase  of  intrapleural  tension,  and 
when  this  is  very  great  the  pitch  may  be  so  high  as  to  approach  actual 
flatness.  Such  instances  are  referred  to  hj  Osier  and  Walshe,  but 
they  must  be  very  unusual  in  other  than  the  partial  forms.  Though 
not  tympanitic,  the  resonance  of  jDneumothorax  is,  as  a  rule,  easy  to 
differentiate  from  that  of  the  oi)posite  side,  and  it  is  found  to  extend 
in  every  direction  far  beyond  the  normal  boundaries  of  the  lungs ;  thus 
it  may  even  reach  the  margin  of  the  ribs  and  the  parasternal  line  of 
the  opposite  side.  Over  the  upper  part  of  the  back  and  close  to  the 
spine  there  is  often  a  small  area  of  dulness  if  the  compressed  lung  is 
in  apposition  to  the  chest. 

The  prsecordia  is,  in  right-sided  pneumothorax,  simply  displaced 
bodily  to  the  left ;  in  left  i^neumothorax,  its  usual  site  is  wholly  res- 
onant, and  an  area  of  dulness  similar  to  the  normal  is  found  upon  the 
right  side  between  the  fourth  and  sixth  ribs.  These  changes,  as 
well  as  those  of  the  liver  and  spleen,  do  not  differ  in  the  main  from 
those  already  described  among  the  physical  signs  of  pleuritic  effu- 
sion. Here  also,  as  in  effusion,  there  is  some  retraction  of  the 
well  lung,  with  resulting  skodaic  tympany.  The  diaphragm  on  the 
sound  side  is  slightly  depressed. 

Auscultatm^y  signs  are  varied  and  of  exceptional  value.  The  most 
characteristic  condition  is  a  great  diminution  or  absolute  cessation  .of 
all  resjjiratory  and  vocal  sounds  over  the  lower  and  lateral  regions  of 
the  chest.  As  the  lung  is  approached  a  distant  bronchial  respiration 
may  begin  to  be  perceptible,  although  even  here  the  silence  may 
be  absolute.  Almost  equally  typical  is  a  universal  amphoric  qualitj^ 
of  transmitted  sounds.  Oftenest  it  is  the  respiration  which  first 
attracts  attention  as  a  low  and  distant  musical  puff.  Very  often  a 
sound  like  the  far  off  tinkling  of  a  bell  suddenly  surprises  the  ear,  a 
sound  which  may  be  imitated  by  dropping  bits  of  sand  into  an  empty 
glass.  It  is  very  doubtful  whether  this  so-called  metallic  tinkle 
is  due,  as  was  supposed  by  Laennec,  to  the  dripping  of  fluid,  or 
whether  the  jjresence  of  fluid  is  even  necessary  for  its  production. 
Skoda  was  the  first  to  claim  that  such  a  tinkle  might  originate  in 
simple  pneumothorax,  without  fluid,  and  even  without  open  perfora- 
tion ;  and  Behier,  by  experiment,  has  demonstrated  the  accuracy  of 
Skoda' s  view.  It  appears  that  any  slight  noise,  like  the  bursting  of 
a  bubble  or  a  rale,  acquires  a  musical  or  tinkling  quality  bj'  trans- 
mission through  a  chamber  full  of  air.     The  origin  of  such  sounds 
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in  and  upon  the  surface  of  the  lung  is  not  difficult  to  conceive.  Be- 
sides respiration  and  the  tinkle,  all  other  sounds  may  have  an  am- 
phoric quality,  the  voice,  whisper,  cough,  and  rarely  even  the  sounds 
of  the  heart. 

A  peculiar  sign  of  pneumothorax  and  one  of  the  most  character- 
istic is  obtained  by  auscultatory  percussion.  While  the  stethoscope 
is  applied,  for  example,  to  the  front  of  the  chest,  strong  percussion 
is  made  behind  upon  a  coin  or  upon  any  indifferent  substance  as 
a  plessimeter  (Fraentzel).  The  sound  thus  produced  has  a  marked 
metallic  quality,  and  was  termed  by  Trousseau  hruit  d'arain. 
Barely  this  same  sound  may  be  heard  on  ordinary  percussion. 

In  certain  cases  a  loud  amphoric  blowing  sound  is  heard  with 
both  inspiration  and  expiration,  like  that  produced  by  the  passage  of 
air  through  an  external  fistula.  It  has  a  sort  of  metallic  quality,  and 
is  followed  by  an  amphoric  echo.  Weil  considers  it  a  measurably 
good  sign  of  an  open  perforation. 

Effusion  probably  begins  as  a  rule  very  soon  after  perforation.  In 
a  case  of  Weil's  it  began  within  an  hour.  Its  detection,  however,  is 
usually  later,  somewhere  from  the  second  to  the  fifth  day ;  and  the 
first  sign  which  makes  such  detection  possible  is  known  as  succussion. 
This  is  a  splashing  sound  like  that  produced  by  shaking  a  large  bottle 
partly  filled  with  fluid,  except  that  its  quality  may  be  decidedly  am- 
phoric. It  can  sometimes  be  heard  at  a  considerable  distance,  or  even 
by  the  patient  himself.  Usually  it  must  be  elicited  by  giving  the  pa- 
tient a  rather  vigorous  shake,  while  the  ear  is  held  to  the  chest.  It 
appears  long  before  there  is  a  sufficient  quantity  of  fluid  to  cause  any 
flatness  on  percussion,  and,  on  the  other  hand,  as  the  chest  fills  it  be- 
comes less  easily  evoked  and  finally  ceases. 

When  the  fluid  has  reached  a  very  considerable  quantity,  larger 
undoubtedly  than  is  necessary  in  simple  effusion,  it  gives  evidence  of 
its  presence  by  the  same  physical  signs  as  does  the  latter.  These 
signs,  however,  present  two  very  important  points  of  difference  in 
the  two  affections.  In  effusion,  as  we  have  seen,  the  fluid  is  not  free 
to  assume  a  hydrostatic  level,  but  is  compelled  to  adapt  itself  to  the 
shape  of  the  retracted  lang,  and  hence  the  upper  border  of  flatness 
is  not  a  horizontal  line,  but  a  curve  which  varies  constantly  with  the 
amount  of  fluid.  When,  on  the  contrary,  fluid  collects  in  the  cavity 
of  a  pneumothorax  it  is  no  longer  impeded  by  the  lung,  either  in  as- 
suming its  natural  level  or  in  constantly  shifting  its  position  with 
every  change  in  that  of  the  patient.  This  fact  involves  two  very  im- 
portant consequences :  first,  the  upper  level  of  the  fluid  as  obtained 
by  percussion  is  invariably  a  horizontal  line ;  and  second,  the  posi- 
tion of  the  flat  area  varies  inevitably  Avith  that  of  the  patient.     If,  for 
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example,  percussion  is  made  when  tiie  patient  is  upright,  the  lower 
half  of  the  chest  may  be  perfectly  flat ;  if  now  he  is  asked  to  lean  far 
forward,  or,  still  better,  to  lie  upon  the  face,  the  area  of  flatness  will 
be  found  to  have  given  jilace  to  one  of  full  non-tympanitic  resonance. 
The  signs  of  partial  pneumothorax  do  not  differ  from  those  de- 
scribed except  in  degree.  Over  a  circumscribed  area,  generally  at 
the  base,  there  is  diminished  respiratory  fremitus  with  jiossibly  am- 
phoric timbre.  But  any  marked  displacement  of  organs  is  lacking, 
and  here  especially  the  percussion  note  is  much  more  aj)t  to  be  dull 
than  in  the  typical  form.  It  is  not  surprising  therefore  that  partial 
pneumothorax,  occurring,  as  it  does,  oftenest  in  cases  of  advanced 
tuberculosis  and  with  but  little  general  disturbance,  should  be  very 
frequently  overlooked,  or  mistaken  for  other  conditions. 

Complications. 

With  the  exception  of  the  acute  pleural  inflammation  which  is 
almost  a  part  of  the  disease  itself,  pneumothorax  has  but  few  and  in- 
frequent complications.  Pleurisy  of  the  opposite  side  seems  to  occur 
rather  oftener  than  can  be  explained  by  simple  coincidence  (Senator). 
Subcutaneous  emphysema  may  rarely  accompany  pneumothorax  when 
the  latter  has  originated  in  rupture  of  the  oesophagus  or  has  followed 
tracheotomy.  (Edema  of  the  opposite  lung,  or  other  causes  of 
sudden  death  may  develop  here  as  in  effusion,  when  the  heart  and 
great  vessels  are  so  compressed  that  an  adequate  compensation  is 
impossible. 

Diagnosis. 

Often  it  is  possible  from  the  very  attitude  of  the  patient,  and 
especiall}^  when  in  a  phthisical  individual  a  history  of  sudden  jjain 
and  dyspnoea  is  obtained,  to  be  at  once  measurably  certain  that  a 
pneumothorax  has  developed.  In  other  cases  the  symptoms  are  such 
as  to  arouse  but  little  suspicion.  In  either  case  the  only  safe  guide 
is  physical  examination ;  and  the  physician  who  does  not  examine  his 
phthisical  cases  frequently  and  carefully  will  fail  to  recognize  many  a 
case  of  partial  or  even  of  general  pneumothorax. 

By  the  aid  of  the  physical  signs  the  diagnosis  of  a  typical  case  is 
extremely  easy.  Extension  of  resonance  beyond  the  normal  boun- 
daries of  the  lung,  greatly  diminished  or  absent  respiration  over  this 
resonant  area,  and  the  marked  displacement  of  mediastinum  and 
diaphragm — these  are  the  signs  which,  when  thus  combined,  furnish 
irrefutable  evidence  of  pneumothorax.  Too  much  stress  is  usually 
laid  upon  tympanitic  resonance  and  amphoric  sounds.     The  former 
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is  rarely  present,  the  latter  in  not  more  than  half  the  cases ;  neither 
adds  much  to  the  certainty  of  diagnosis. 

Among  the  conditions  most  likely  to  be  mistaken  for  pneumo- 
thorax is  a  unilateral  emphysema.  An  instance  in  which  such  a  case 
presented  a  remarkable  similarity  to  pneumothorax  has  come  under 
my  own  observation.  The  right  lung  was  fibroid,  and  its  contraction 
had  drawn  the  heart  a  considerable  distance  to  the  right  of  the 
sternum.  The  left  lung  was  in  a  state  of  vicarious  emphysema;  its 
borders  extended  much  beyond  their  normal  situation,  both  down- 
wards and  to  the  right,  and  resonance  was  everywhere  exaggerated, 
almost  tympanitic.  The  only  differential  sign — and  this  was  con- 
clusive— was  the  presence  of  a  fairly  good,  though  somewhat  dim- 
inished, respiratory  murmur.  Such  cases  are  undoubtedly  excep- 
tional, and  yet  it  is  not  safe  to  depend  upon  the  usual  statement  that 
emphysema  is  always  bilateral. 

Under  the  somewhat  misleading  name  of  'pyopneumothorax  sub- 
phrenicus  an  affection  was  first  described  by  Leyden  in  1880  which 
may  bear  a  very  close  clinical  resemblance  to  genuine  pneumothorax. 
It  consists  in  a  collection  of  pus  and  air  beneath  the  diaphragm,  the 
result  of  a  perforating  ulcer  of  the  stomach  or  duodenum,  or  of  some 
other  destructive  process  connected  with  the  gastrointestinal  tract. 
It  does  not  appear  to  be  so  very  infrequent,  since  Leyden  in  1892  had 
already  collected  thirty-five  cases.  The  peculiar  clinical  feature  of 
these  abscesses  is  that  they  may  crowd  up  the  diaphragm  as  high  even 
as  the  second  rib,  and  thus  produce'  an  area  of  flatness  or  tympanitic 
resonance  (according  to  the  patient's  position)  which  involves  nearly 
the  whole  half  of  the  chest,  while  the  abdomen  perhaps  appears  to  be 
quite  normal.  Points  in  favor  of  the  subphrenic  affection  are  the 
following :  History  of  an  abdominal  trouble ;  good  vesicular  respira- 
tion over  the  retracted  lung,  which  is  not  of  course  crowded  inwards 
towards  the  spine  as  in  pneumothorax,  but  simply  rides  upon  the 
diaphragm  and  hence  remains  in  apposition  with  the  outer  wall  every- 
where above  the  horizontal  line  of  the  abscess ;  a  greater  displacement 
of  the  liver,  when  the  affection  is  on  the  right  side,  and  much  less 
displacement  of  the  heart  than  would  occur  in  pneumothorax.  Suc- 
cussion  may  be  heard  in  both  affections. 

That  a  typical  pneumothorax  could  be  mistaken  for  a  pulmonary 
cavity  would  be  hardly  possible  on  other  than  the  most  superficial 
examination.  Cavities  produce  a  retraction  instead  of  distention  of 
the  chest,  and  the  heart,  if  displaced  at  all,  is  drawn  towards  the 
affected  side.  But  if  a  pneumothorax  is  circumscribed,  or  if  it  has 
resulted  from  an  empyema,  the  diagnosis  may  be  difficult ;  evacuation 
by  vomica  may  have  resulted  in  a  pneumothorax  and  at  the  same  time 
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iu  a  contraction  of  the  chest  and  displacement  of  the  heart  towards 
the  affected  side.  Here  as  iu  partial  pneumothorax  there  may  be,  if 
the  perforation  opens  widely  into  a  bronchus,  transmission  of  the 
whispered  voice,  and  exceptionally  AViutrich's  tone  variation  on  per- 
cussion— a  change  in  the  pitch  of  tympany  according  as  the  mouth 
is  open  or  closed.  These  signs  are  (piite  the  same  as  in  a  large  cav- 
ity, and  in  both  also  amphoric  quality  of  transmitted  sounds  may  be 
l^ronounced.  An  absolute  diagnosis  can  hardly  be  made  unless  one 
is  ver}'  familiar  with  the  case,  and  with  antecedent  events. 

Still  greater  is  the  possibility  of  mistaking  a  iiartial  pneumothorax 
at  the  extreme  base  behind  for  a  small  effusion.  It  may  give  rise  to 
almost  absolute  flatness,  and  to  a  curve  which  is  very  similar  to  that 
of  a  small  collection  of  fluid.  On  auscultation  also,  both  fremitus 
and  respiration  are  found  to  be  diminished  or  absent,  or  the  latter 
may  be  bronchial.  In  two  cases  of  this  rare  condition  which  I  have 
recently  seen,  the  following  differential  points  were  noted:  The 
boundary  of  the  flat  area  was  not  so  sharply  defined  as  in  effusion ; 
there  was  transmission  of  the  whispered  voice;  and,  most  conclusive 
of  all,  while  the  exploratory  needle  evidently  entered  a  cavity,  re- 
peated attempts  failed  to  withdraw  fluid.  In  a  phthisical  subject, 
signs  of  effusion  at  a  posterior  base  should  always  suggest  the 
possibility  of  partial  pneumothorax. 

Diaphragmatic  hernia  is  another  very  rare  condition  which  ma}^ 
resemble  pneumothorax.  It  is  hardlj'^  necessary  to  call  attention  to 
the  slight  tympanitic  resonance  with  metallic  tinkling  and  possibly 
succussion  heard  in  the  left  axilla ;  these  signs  are  transmitted  from  a 
distended  stomach. 

"Whether  a  pneumothorax  is  open,  closed,  or  valvular  cannot,  as 
a  rule,  be  definitely  determined  by  ordinary  physical  signs.  Percus- 
sion is  of  little  assistance.  We  have  already  seen  that  even  in  the 
open  form  resulting  displacement  of  organs  is  verj^  pronounced,  and 
the  heart  may  be  wholly  to  the  right  of  the  median  line.  Any  such 
excess  as  would  demonstrate  a  high  intrapleural  tension  would  be 
very  diflicult  to  determine;  and,  moreover,  the  nature  of  the  clos- 
ure, whether  permanent  or  vahoilar,  would  still  be  undecided.  Aus- 
cultatory signs  are  sometimes  of  more  assistance.  Absolute  silence 
over  the  whole  chest  is  generallj-  conceded  to  be  a  fairly  good  prooi 
that  the  perforation  is  at  least  temporarily  closed.  On  the  other 
hand,  a  loud  amphoric  swashing  sound  with  both  insjuration  and 
expiration,  such  as  is  heard  at  the  external  opening  of  an  operated 
empyema,  indicates  open  perforation.  Further  than  this  it  is  diffi- 
cult to  go  without  the  aid  of  gas  analyses,  or  manometric  tests. 

The  diagnosis  of  secondary  effusion  is  attended  with  no  difficulty  if 
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only  sufficient  fluid  is  present  to  give  succussion,  and,  on  the  other 
hand,  if  the  chest  does  not  become  so  full  that  the  jDresence  of  air  can 
no  longer  be  recognized;  in  the  latter  event  the  physical  signs  are 
precisely  those  of  uncomplicated  effusion  and  the  history  is  the  only 
clew  to  a  primary  pneumothorax.  As  long  as  the  quantity  of  fluid  is 
only  moderate  there  is  no  excuse  for  the  mistake,  so  often  made,  of 
diagnosticating  a  simiDle  pleurisy.  The  fact  that  the  line  of  flatness 
does  not  vary  a  hair  from  the  level  of  the  horizon  ought  to  at  once 
attract  attention.  It  is  then  easy  to  determine  the  change  of  the  fluid 
level  on  change  of  posture — a  sign  which  is  all  the  more  noticeable 
because  the  change  occurs  with  striking  rapiditj^,  and  also  because 
the  line  of  effusion,  being  represented  here  by  an  abrupt  transition 
from  flatness  to  the  full  tone  of  pneumothorax,  is  extremely  easy 
to  percuss.  These  signs  will  lead  to  the  test  for  succussion  which, 
however,  is  now  scarcely  needed  to  confirm  the  diagnosis.  As  to  the 
nature  of  the  fluid,  whether  serum  or  pus,  the  signs  here  are  the 
same,  and  often  just  as  obscure,  as  in  simple  pleurisy.  A  daily 
hectic  may  be  entirely  wanting  in  suppuration,  and  if  present  it  is 
often  impossible  to  decide  as  to  whether  its  origin  is  pleural  or  pul- 
monary.    Exploratory  puncture  is  the  only  safe  test. 

CouESE  AND  Prognosis. 

Tuberculous  'pneumothorax  is  an  extremely  grave  affection,  both 
because  of  the  primary  tuberculosis  and  from  the  nature  of  the  acci- 
dent itself.  Immediate  death — in  the  first  few  hours — is  exceptional. 
It  occurred  in  only  5  of  51  cases  collected  by  Saussier;  and  AVeil 
also  states  that  the  very  great  majority  of  his  patients  recovered  from 
the  primary  attack.  But  more  than  half  of  all  cases  die  during  the 
first  month  (50  per  cent.,  Weil;  58  per  cent.,  Saussier),  and  an  ulti- 
mate complete  recovery  is  extremely  rare.  Of  Weil's  46  cases  all 
but  2  died ;  although  in  10  the  course  of  the  disease  is  described  as 
long  and  benignant. 

In  rapidly  fatal  cases  the  patient  never  recovers  from  the  primary 
collapse.  His  face,  at  first  cyanotic,  soon  becomes  of  a  dusky 
pallor;  the  sensorium  is  clouded;  the  rapid  respiration  is  inter- 
rupted only  by  occasional  paroxysms  of  cough,  which  are  followed  by 
attacks  of  threatening  suffocation ;  the  pulse  grows  more  and  more 
rapid  and  imperceptible,  and  death  finally  occurs  from  asphyxia  and 
circulatory  insufficiency.  Rosenbach,  in  experiments  upon  blood 
pressure  in  artificial  pneumothorax,  found  that  although  from  venous 
obstruction  and  other  causes  the  volume  of  arterial  blood  is  much 
diminished,  the  pressure  is  at  first  maintained  by  increased  action  of 
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the  neart  and  by  arterial  contraction ;  as  soon,  however,  as  pressure 
begins  to  fall,  death  is  imminent.  Most  cases  of  pneumotliorax 
which  are  so  rapidly  fatal  are  probably  valvular;  Bouveret  calls  this 
the  suffocative  form. 

As  a  rule,  the  onset  of  pneumothorax  is  survived,  and  after  two  to 
three  days  the  violence  of  both  pain  and  dysimcea  abates.  Death 
from  asphyxia  is  still  possible  dui'iug  the  next  ten  days.  But  usually 
the  prognosis  from  now  on  will  depend  almost  wholly  on  the  char- 
acter and  stage  of  the  primary  tuberculosis.  It  is  only  when  the 
lungs  are  but  moderately  involved,  when  the  i)atient's  strength  and 
general  nutrition  are  good,  and  when  the  daily  temperature  has  kept 
at  a  low  range  that  life  will  be  prolonged  for  more  than  one  or  two 
mouths.  More  than  half  of  all  cases,  as  we  have  just  seen,  die  within 
thirty  days  from  cachexia  and  exhaustion. 

As  to  the  pneumothorax  and  resulting  effusion,  there  are  several 
possibilities.  The  pleuritic  inflammation  generally  adds  somewhat 
to  the  already  existing  fever,  and  indeed  a  rather  marked  febrile 
reaction  with  the  onset  of  pleurisy  is  to  be  regarded  as  on  the  whole 
a  favorable  sign  (Weil).  If  later,  after  ten  to  fourteen  days,  the  tem- 
perature falls  and  only  a  moderate  quantity'  of  serofibrinous  or  sero- 
i:)urulent  exudate  has  developed,  the  case  may  be  regarded  as  pro- 
gressing favorably.  The  pneumohydrothorax  may  then  remain 
unchanged  until,  after  months  or  occasionally  years,  death  occurs 
from  tuberculosis ;  or,  in  rare  instances,  both  air  and  serum  may  be 
absorbed.  With  purulent  effusion  the  outlook  is  of  course  more 
grave.  But  even  here  the  character  of  the  empyema  is  often  benign, 
there  may  be  little  or  no  fever,  and  life  is  sometimes  indefinitely 
prolonged. 

Double  pneumothorax  is  an  extremeh"  rare  occurrence,  and  is 
usually  fatal  within  a  few  hours  or  days  at  most.  Putridity  is  also  a 
condition  of  great  gravity,  though  at  least  temporary  recovery  is  not 
impossible.  Partial  pneumothorax  is  the  mildest  form  of  all,  and 
unless  there  is  suppuration  does  not  usually  alter  in  any  way  the 
course  of  the  primary  disease. 

The  i:)rognosis  of  non-tiiberculous  pneumofJiorax  depends  also  upon 
that  of  the  primary  disease;  the  latter  is  occasionally  such  as  to 
preclude  recovery,  as  may  be  seen  by  referring  to  the  section  on 
etiology.  If  this  is  not  the  case,  as  in  the  traumatic  and  especially 
in  the  so-called  "accidental"  form,  the  prospect  of  complete  re- 
cover}' is  exceedingly  good.  An  exception  is  to  be  made  of  the  very 
rare  cases  which  result  from  chronic  emphysema ;  of  12  such  cases  col- 
lected by  Gaillard,  8  were  fatal.  But  in  the  usual  form,  that  of 
young  adults,  not  only  is  the  outcome  almost  always  favorable — 34 
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out  of  37  cases  of  Gaillard — but  the  course  of  the  affection  is  ex- 
tremely short  and  mild;  in  22  of  Gaillard's  cases  there  was  no  effu- 
sion, and  often  there  was  no  rise  of  temperature.  The  average 
duration  from  the  date  of  onset  to  complete  resorption  is  a  month ;  in 
some  cases  without  pleurisy  there  is  complete  recovery  in  ten  days ; 
in  others,  especially  when  effusion  has  sui)ervened  (Gaillard)  two 
months  may  elapse  before  the  normal  conditions  in  the  chest  are  en- 
tirely restored. 

Teeatment. 

At  the  onset  of  pneumothorax,  opium  is  an  indispensable  and  most 
salutary  remedy.  It  not  only  relieves  the  agonizing  pain  and  dysp- 
noea, it  also  controls  cough ;  and  if  it  is  true  that  cough  is  the  main 
factor  in  producing  the  excessive  tension  of  the  suffocative  forms, 
the  administration  of  this  drug  may  actually  save  life.  Here,  as 
in  pleurisy,  the  subcutaneous  injection  of  morphine  is  an  invaluable 
method,  because,  if  necessary,  it  can  be  safely  repeated  at  short  inter- 
vals until  the  desired  effect  is  obtained.  In  milder  cases,  in  which 
pain  is  not  prominent,  the  relief  of  cough  may  be  as  well  if  not  even 
better  effected  by  the  subcutaneous  injection,  in  half-grain  doses,  of 
phosphate  of  codeine.  The  local  application  of  dry  cups,  hot  fomen- 
tations, or  poultices,  will  also  give  some  relief.  Threatened  diminu- 
tion of  arterial  pressure  and  collapse  must  be  met  by  stimulants  and 
by  heat  to  the  extremities.  In  a  case  reported  by  Yickery,  the  inha- 
lation of  oxygen  appeared  to  be  of  great  service. 

The  operative  treatment  of  pneumothorax  must  depend  upon  the 
indication  which  it  is  designed  to  meet. 

1.  The  indicatlo  vitalis  may  demand  the  immediate  relief  of  intra- 
pleural tension  when  life  is  seriously  threatened  from  suffocation. 
The  chances  of  successful  interference  can  be  estimated  correctly 
only  when  the  conditions  which  govern  this  intrapleural  tension 
are  borne  in  mind.  In  the  first  place,  it  is  to  be  remembered  that  in 
the  first  few  days  at  least— the  period  of  greatest  danger— every  pneu- 
mothorax is  either  open  or  valvular.  In  an  open  pneumothorax  it 
is  plain  that  no  relief  can  possibly  be  given  by  operation.  Air  enters 
from  within  as  fast  as  it  is  removed  from  without.  In  a  valvular 
pneumothorax,  however,  the  more  common  form  in  tuberculosis,  con- 
ditions are  different ;  the  contained  air  is  under  considerable  tension, 
and  aspiration  or  even  puncture  may  give  immediate  relief.  But,  as 
a  rule,  this  relief  is  only  temporary ;  the  following  respiration  or  the 
first  paroxysm  of  cough  again  opens  the  valve,  and  very  soon  intra- 
pleural pressure  is  as  high  as  before.  Perhaps  in  some  cases  this 
process  is  slower  than  in  others,  or  possibly  the  artificial  repression 
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of  cough  may  sometimes  retard  very  considerably  the  recurrence  of 
overdistention ;  otherwise  it  is  difficult  to  explain  the  good  results 
which  have  occasionally  followed  aspiration.  Macqret,  for  examjile, 
affirms  that  it  always  gives  relief.  But  such  an  experience  is  excep- 
tional; and  theoretically,  also,  it  is  quite  evident  that  permanent 
relief  can  be  expected  only  from  a  jjermanent  opening,  such  as  will 
constantly  maintain  an  atmospheric  pressure  within  the  pleural  cavity. 
Wintrich,  Biermer,  and  Unverricht  advise,  therefore,  that  after  punc- 
ture the  cannula  be  allowed  to  remain.  Bouveret  makes  a  still  better 
suggestion :  he  recommends  the  use  of  a  small  trocar  and  cannula,  4 
cm.  in  length  and  3  mm.  in  diameter,  and  provided  with  two  lateral 
rings  for  attachment  to  the  chest.  This  trocar  is  inserted  under 
aseptic  x>i'ecautions,  and  the  cannula  is  allowed  to  remain  beneath  a 
thick  surgical  di'essing. 

It  would  ai)pear,  then,  that  when  suffocation  is  threatened,  the 
air  may  first  be  aspirated  as  is  commonly  done  in  effusion ;  if  this 
gives  only  temporary  relief,  a  cannula  a  demeure  should  be  introduced. 

2.  The  removal  of  serum  by  aspiration  juslj  be  indicated  after  a 
period  of  at  least  six  weeks  has  elapsed  from  the  onset  of  a  pneumo- 
hj'drothorax  (Weil).  Earlier  than  this  the  perforation  is  likelj^  to  be 
still  open,  or  at  least  so  imperfectly  closed  that  any  negative  pleural 
pressure  would  be  apt  to  open  it  afresh.  Hence,  during  the  first  six 
weeks,  the  indicatio  vitalis,  when  the  quantity  of  fiuid  is  so  excessive 
as  to  endanger  life,  is  the  only  condition  which  warrants  aspiration 
(Weil).  Later,  any  considerable  quantity  of  serum  which  has  re- 
mained stationary  for  some  time  and  shows  no  tendency  to  sponta- 
neous absorption,  may  be  withdrawTi  with  advantage  in  the  same  way 
as  in  simple  pleurisy. 

If  the  amount  of  fluid  is  small  in  proportion  to  that  of  the  air,  it  is, 
perhaps,  questionable  whether  the  aspiration  of  the  latter,  under  the 
above  conditions  as  to  time,  may  not  be  more  in  accord  with  natiu'e's 
method  than  the  removal  of  the  fluid.  Weil  believes  that  it  is  the  air 
of  which  spontaneous  absorption  is  most  difficult ;  and,  indeed,  in  cases 
of  recovery,  the  process  often  seems  to  be  fii'st  expulsion  of  air  by  the 
fluid,  and  then  absorption  of  the  latter.  Weil,  therefore,  recom- 
mends aspiration  of  400-1,000  c.c.  of  air  when  its  quantity  greatly  ex- 
ceeds that  of  the  fluid.  In  some  cases  of  larger  effusion,  it  may  be 
advisable  to  remove  a  small  quantity  of  each. 

3.  The  removal  of  pus  in  a  case  of  tuberculous  pneumopyothorax  is 
a  procedure  about  which  there  is  much  difference  of  opinion,  not  only 
as  to  the  most  suitable  method  but  even  as  to  the  ad^'isability  of  any 
interference  at  all.  In  traumatic  forms,  or  when  a  pneumothorax  has 
resulted  from  an  empyema,  there  can,  of  course,  be  no  question  as 
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to  tlie  necessity  of  the  radical  operation.  But  in  the  tuberculous 
cases,  as  in  the  more  common  forms  of  tuberculous  empyema,  the 
results  of  operation  are  frequently  discouraging.  Especially  when  it 
is  considered  that  such  individuals  are  often  afebrile,  and  sometimes 
carry  their  pus  about  for  years  without  notable  deterioration  of  the 
general  health,  there  is  but  little  temptation  to  do  a  radical  operation, 
with  all  its  possibilities  of  chronic  fistula,  amyloid  degeneration,  pu- 
tridity, and  rapid  decline.  On  the  other  hand,  operated  cases  may 
recover  completely.  Ley  den,  for  instance,  operated  on  four  cases 
of  pneumopyothoras,  two  of  which  still  lived  at  an  interval  of  one  and 
two  and  one-half  years  respectively ;  both  had  fistulas,  but  were  in  fair 
health.  Leyden  thinks  that  operation  prolongs  life.  Bohland  would 
treat  by  repeated  puncture  or  by  the  method  of  Biilau.  Merklen  ad- 
vises pleurotomy  when  the  affection  is  recent  and  when  the  pulmo- 
nary lesions  are  slight ;  he  states  that  Rendu  has  operated  twice,  with 
the  result  that  while  one  patient  died  immediately  after  operation, 
the  second  showed  a  marked  amelioration  and  lived  for  six  months. 
If  after  repeated  aspiration  there  is  recurrence,  he  would  incise.  He 
believes  that  in  many  cases  life  may  thus  be  saved.  Fraentzel,  Sen- 
ator, and  Goldamner  are  all  against  thoracotomy.  Netter  favors  it 
unconditionally  in  all  cases,  on  the  ground  that,  besides  the  bacillus 
tuberculosis,  the  pus  of  pneumopyothorax  always  contains  both  pyo- 
genic and  saprogenic  germs. 

These  great  differences  of  opinion  may  be  taken  as  proof  that  no 
universal  rule  can  be  formulated  for  the  treatment  of  pneumopyotho- 
rax. Here,  if  anywhere  in  medicine,  there  is  need  of  sharp  individ- 
ualization. In  at  least  two  conditions,  it  seems  to  me  that  the  radical 
operation  should  be  unhesitatingly  advised:  First,  in  a  compara- 
tively well-nourished  individual,  with  but  slight  pulmonary  involve- 
ment, in  whom  a  daily  hectic  is  slowly  but  surely  undermining  the 
strength.  These  cases  are  susceptible  of  complete  recovery  in  such  a 
climate,  for  example,  as  that  of  Colorado,  and  should  have  the  bene- 
fit of  the  doubt.  Resection  would  here  be  the  preferable  operation. 
Second,  in  any  case,  no  matter  how  far  advanced,  when  the  constant 
discharge  of  large  quantities  of  pus  by  vomica  renders  the  condition 
of  the  patient  so  deplorable  that  relief  must  be  sought  at  all  hazards. 
It  would  be  best  here  simply  to  incise.  On  the  other  hand,  either 
aspiration  or  the  method  of  Biilau  would  seem  to  me  the  operation  of 
choice :  First,  in  a  chronic  and  incurable  case  of  phthisis,  with  con- 
siderable emaciation  and  pulmonary  cavities,  in  which  the  presence 
of  but  little  fever  makes  it  quite  possible  that  life  may  be  indefi- 
nitely prolonged;  second,  in  the  last  stages  of  phthisis,  in  answer  to 
the  indicatio  vitalis.     In  either  case   aspiration   should  be  repeated 
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as  often  as  the  effusion  becomes  more  than  simply  moderate.  These 
indications  are  not  given  here  as  rules  of  conduct,  but  as  hints  sug- 
gested by  my  own  experience  and  that  of  others.  The  individual  case 
will  always  remain  a  problem  in  itself,  which  the  above  suggestions 
will  only  help  to  solve. 

It  remains  to  consider  the  treatment  of  one  or  two  sjjecial  varie- 
ties of  pneumothorax.  In  the  partial  form  the  expectant  plan  is  usu- 
ally all  that  is  required ;  in  case  of  suppuration  the  same  indications 
will  arise  as  in  the  typical  disease.  Accidental  jjneumothorax,  occur- 
ring in  an  api)arently  healthy  individual,  will  at  first  demand  the 
same  treatment  for  pain,  dyspnoea,  and  jjcssibly  also  suffocation,  as 
the  tuberculous  forms.  When  after  two  to  three  days  the  acuteness 
of  these  symptoms  has  subsided,  the  patient  may  feel  inclined  to  get 
about,  since  the  fever  and  other  symptoms  of  secondary  pleuritis  are 
usuall}'  wanting.  This  should  be  positively  forbidden.  The  chief 
indication  is  to  aid  in  every  way  in  effecting  an  early  closure  of  the 
perforation,  and  to  this  end  complete  bodily  rest  is  the  first  essential. 
Cough,  if  present  should  be  restrained  by  morphine  or  codeine.  Un- 
der such  management  recovery  in  these  cases  is  usually  rapid,  and 
any  subsequent  operative  interference  is  rarely  indicated. 

HEMOTHORAX. 

Definition. — The  accumulation  of  pure  blood  in  the  pleural  cavit3\ 

Etiology. 

Hsemothorax  is  always  a  secondary  condition.  Except  as  a  result 
of  trauma  it  is  exceedingly  rare,  occasional  instances  having  occun-ed 
from  rupture  of  an  aneurysm,  ulceration  of  the  aoi'ta,  or  bleeding 
from  the  venae  cavae.  In  a  case  reported  by  Wintrich  hemorrhage 
was  caused  by  caries  of  a  rib,  with  resulting  erosion  of  an  intercos- 
tal artery.  Among  traumatic  causes  are  penetrating  wounds,  severe 
contusions  of  the  lung,  and  injury  of  the  intercostal  artery  from 
operation. 

Pathological  Anatomy. 

The  condition  of  the  lung  and  the  displacement  of  organs  present 
no  important  variations  from  those  of  ordinary  effusion. 

The  question  of  chief  interest  relates  to  the  changes  which  take 
place  in  the  blood  itself.  These  have  been  studied  experimentally 
by  Penzoldt  and  Winb'ich,  and  more  recently  by  Pagenstecher.  The 
results  obtained  by  the  latter,  from  the  injection  of  fresh  blood  into 
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the  pleural  cavity  of  animals,  were  the  following :  1.  Two  hours  from 
the  time  of  injection  the  blood  was  still  uncoagulated ;  in  six  hours  it 
had  changed  to  a  fluid  containing  a  few  clots  and  resembling  blood, 
but  not  susceptible  of  further  coagulation.  Pagenstecher  concludes, 
therefore,  that  the  pleura  has,  to  a  certain  degree,  the  power  of  pre- 
venting coagulation.  These  results  appear  to  be  at  variance  with 
those  of  Penzoldt,  who  found  that  although  the  pleura  seems  to  re- 
tard coagulation,  this  process  was  invariably  complete  in  twenty -four 
hours  at  the  most.  2.  The  blood  is  rapidly  and  com]jletely  absorbed 
from  the  pleural  cavity,  without  residua  other  than  those  left  by  the 
clots.  These  are  converted  into  fibrous  tissue  by  exactly  the  same 
process  as  that  concerned  in  the  organization  of  a  thrombus.  3. 
Blood  alone  does  not  give  rise  to  pleural  inflammation ;  the  latter 
may,  however,  often  result  from  the  same  cause  as  the  hemorrhage. 

Symptoms. 

Certain  forms  of  pleural  hemorrhage — as,  for  example,  aortic  rup- 
ture— must  of  necessity  prove  immediately  fatal.  Otherwise  copious 
hemorrhage  is  announced  by  sudden  intense  pain,  which  is  rapidly 
followed  by  the  symptoms  of  acute  anaemia,  viz.,  rapid  and  feeble 
pulse,  pallor,  coldness  of  the  extremities,  and  sometimes  complete 
syncope.  Dyspnoea  is  also  extreme  if  the  hemorrhage  is  large,  and 
later  the  condition  may  be  complicated  by  the  development  of  acute 
pleuritis,  the  effusion  of  which  may  add  to  the  intrapleural  pressure ; 
here,  as  in  the  rarer  cases  of  putrid  decomposition  of  the  clot,  infec- 
tion has  resulted  from  the  primary  lesion.  When  the  development 
of  the  hemorrhage  is  more  gradual,  the  pain  and  dyspnoea  are  also 
less  sudden  and  severe.  The  physical  signs  of  hsemothorax  are  iden- 
tical with  those  of  simple  effusion. 

Diagnosis. 

The  diagnosis  of  haemothorax  can  usually  be  made  from  the  phys- 
ical signs  of  fluid  in  the  chest,  in  conjunction  either  with  acute  anae- 
mia or  with  an  adequate  known  cause  of  hemorrhage.  The  source  of 
the  blood  is  more  difficult  to  determine.  Even  in  traumatic  cases 
with  external  wound,  it  is  often  impossible  to  tell  whether  it  comes 
from  an  intercostal  artery  or  from  the  lung.  The  latter  is  oftenest 
the  case,  and  may  be  considered  certain  if  there  is  bloody  sputum. 
Even  when  there  is  no  haemoptysis,  the  hemorrhage  is  most  proba- 
bly from  the  lung,  unless  the  mammary  or  intercostal  artery  is  actu- 
ally found  bleeding  in  the  wound. 
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Prognosis. 

The  prognosis  of  pleural  hemorrhage  is  almost  entirely  dependent 
upon  the  primary'  lesion  and  the  i^robability  of  infection.  In  general, 
the  immediate  danger  to  life  is  very  great,  and  hemorrhage  from  an 
artery  of  any  size  is  apt  to  prove  rapidly  fatal.  Or,  if  the  first  few 
hoars  are  survived,  the  risk  of  compression  is  still  considerable, 
either  from  further  hemorrhage,  from  pneumothorax,  or  from  pleu- 
ritic effusion.  When  these  dangers  have  been  safely  passed,  the 
ultimate  complete  absorption  of  the  haemothorax  may  be  confidently 
expected. 

Treatment. 

The  first  and  most  immediate  indication  is  to  check  the  hemor- 
rhage. Absolute  rest,  ice  bags  to  the  chest  and  possibly  also  to  the 
scrotum,  morphine  in  sufficient  quantity  to  prevent  cough,  a  light 
and  non-stimulating  diet — these  are  the  measures  most  likely  to  be  of 
service.  Once  developed,  an  uncomplicated  haemothorax  should  in 
most  cases  be  let  alone.  Any  attempt  to  remove  the  blood  would  cer- 
tainly be  attended  with  some  danger  of  recurrence,  and  at  best  mereh^ 
hasten  what  nature  can  better  accomplish  by  safer  means.  If,  how- 
ever, the  quantity  of  fluid  is  great,  the  indicatio  vitalis  may  demand 
interference.  The  attempt  should  then  be  made  to  remove  bj' 
simple  aspiration  just  enough  of  the  fluid  blood  to  give  relief. 
If  this  proves  unsuccessful,  and  the  presence  of  clots  makes  aspi- 
ration impossible,  the  radical  operation  should  be  performed  and 
a  limited  quantity  of  coagula  removed.  It  is  again  to  be  emphasized 
that,  on  account  of  the  danger  of  recurrence,  neither  of  these  opera- 
tions should  be  resorted  to  except  as  a  final  necessity. 

HYDROTHORAX. 

The  simple  transudation  of  serum  into  the  pleural  cavity  is  al- 
most invariably  associated  with  general  anasarca.  It  is,  therefore, 
secondary  to  such  dropsical  afi'ections  as  those  of  the  heart  and  kid- 
neys and  profound  anaemia.  It  may  exceptionally  result  from  local 
venous  stasis  in  the  pleura,  due  either  to  pressure  of  a  new  growth 
or  to  thrombosis  of  the  azygos ;  a  case  of  the  latter  is  reported  by 
White,  in  which,  in  the  course  of  six  days,  two  hundred  and  ninety- 
six  ounces  of  serum  were  aspirated  from  the  right  pleural  cavity.  As 
a  rule,  the  condition  is  bilateral,  though  the  quantity  of  fluid  may  be 
somewhat  greater  on  the  side  upon  which  the  patient  habitually  lies. 
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The  fluid  of  hydrotliorax  is  precisely  similar  to  blood  serum.  It 
contains,  of  course,  no  fibrin  and  no  cellular  elements.  The  pleural 
walls  are  somewhat  swollen  and  boggy,  and  have  lost  something  of 
their  normal  gloss.  The  lower  portions  of  the  lung  are  markedly 
cedematous.  The  phenomena  of  compression  do  not  differ  from 
those  accompanying' pleuritic  effusion,  except  in  so  far  as  they  are 
modified  by  the  bilateral  character  of  the  transudate  and  its  frequent 
association  with  ascites. 

Symptoms  referable  to  hydrothorax  are  simply  those  of  compres- 
sion. The  physical  signs  are  in  the  main  those  of  effusion;  the  fluid 
probably  takes  the  same  shape  and  has  the  same  contour  as  in  the 
latter;  but,  owing  to  the  complicating  oedema  of  the  lung  and  the  re- 
sulting dulness  on  percussion,  its  upper  border  is  extremelj'  difficult 
to  defijie. 

Diagnosis  must  depend  on  the  bilateral  condition,  the  absence  of 
fever,  and  the  general  dropsy. 

Prognosis  and  treatment  are  both  mainly  dependent  upon  the  pri- 
mary disease.  If  local  symptoms  are  threatening,  temporary  relief 
may  be  afforded  by  aspiration. 

ECHINOCOCCUS   OF  THE  PLEURA. 

The  very  great  rarity  of  this  affection  may  be  estimated  from  the 
fact  that  Thomas,  among  1,900  cases  of  hydatids,  found  only  one  per 
cent,  involving  the  pleura  alone.  Of  983  cases  investigated  by  Neis- 
ser,  17  were  primary  in  the  pleura.  The  proportion  of  secondary 
cases,  nearly  always  of  either  pulmonary  or  hepatic  origin,  is  some- 
what greater.  Maydl  reports  the  results  of  operation  on  29  cases  of 
pleural  hydatids ;  of  these,  8  at  least  were  known  to  be  primary,  and 
of  the  others  4  were  secondary  to  hydatids  of  the  lung,  11  to  those  of 
the  liver,  and  the  others  were  doubtful.  The  greater  relative  fre- 
quency of  this  disease  in  certain  countries  is  well  known. 

Pathology. 

Primary  echinococcus  of  the  pleura  is  usually  solitary.  The  cyst 
may  be  situated  in  any  part  of  the  pleural  cavity,  and  may  reach  the 
dimensions  of  a  child's  head.  Its  growth  is  usually  inwards,  and 
gives  rise  to  atypical  compression  of  the  lung,  and  varying  degrees 
of  displacement  of  other  organs.  In  certain  instances,  strange  to 
say,  its  development  is  outwards,  and  causes  a  considerable  degree  of 
local  bulging  of  the  chest.  The  pleural  cavity  about  the  cyst  is 
usuallv  obliterated  bv  dense  adhesions.     The  cyst  wall  is  composed 
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of  a  membrana  propria,  of  laminated  structure  and  peculiar  to  the 
ecliinococcus,  and  also  of  an  adventitious  membrane  furnishonl  by 
the  pleura  itself.  This  wall  is  of  considerable  thickness,  and  on 
incision  its  inner  surface  is  often  found  to  be  rough  and  irregular. 
The  cyst  may  contain  either  a  clear  non-albuminous  fluid  or  pus. 
The  latter  is  i:)robably  rare,  excei)t  in  cases  of  comrauuicati(jn  with 
the  lung,  when  the  cyst  may  also  contain  air.  According  to  Neisser, 
daughter  cysts  are  quite  unusual.  Secondary  i)leural  hydatids  origi- 
nate oftenest  in  the  liver,  and  are  therefore  most  frequent  at  the 
base  of  the  right  chest.  One  or  more  separate  cysts  maj^  develop 
in  the  same  way  as  the  primary  one,  or  daughter  cysts  may  have 
been  discharged  from  the  lung  or  liver  into  the  free  pleural  cavitj'. 
This  is  followed  in  most  cases  by  pleural  suppuration,  and  not  infre- 
quently by  pneumothorax. 

Symptoms. 

Severe  pain  in  the  side  is  said  by  Neisser  to  appear  suddenly 
with  the  xevy  beginning  of  the  disease,  and  to  f»ersist  quite  constant- 
ly throughout  its  course.  Later  there  is  usually  dj'spnoea,  which 
steadily  increases  with  the  growth  of  the  cyst,  so  that  decubitus  upon 
the  affected  side  is  almost  invariable.  Fever  is  lacking  in  the  jjrimary 
uncomplicated  forms,  but  there  is,  as  a  rule,  a  stead}'  development  of 
anaemia  and  emaciation.  The  jjliysical  signs  are  in  the  main  iden- 
tical with  those  of  a  solid  growth  or  encapsulated  effusion  as  long  as 
the  cyst  is  of  moderate  size,  and  its  walls  are  intact;  there  is  flatness 
on  percussion,  with  diminished  or  absent  voice,  respiration,  and 
fremitus,  and  possibly  displacement  of  mediastinum  and  diaphragm. 
The  external  chest  wall  may  show  a  decided  local  bulging,  over  which 
in  some  cases  there  is  intercostal  fluctuation.  Hydatid  fremitus  has 
never  been  detected.  Flatness  over  the  whole  side  with  great  dis- 
placement of  organs,  and  all  the  other  signs  of  large  effusion  may 
be  found  when  the  cyst  is  enormous,  or  when  the  secondary  rupture 
of  a  pulmonary  or  hepatic  cyst  has  given  rise  to  a  general  empyema; 
in  other  cases  there  may  be  the  usual  signs  of  pneumopyothorax. 

Diagnosis. 

The  diagnosis  of  pleural  hydatid  is  manifestly  difficult,  aud  the 
condition  is  almost  invariably  mistaken  for  effusion.  An  atypical 
area  of  flatness  with  the  other  signs  ordinarily  associated  with 
fluid,  especially  in  connection  with  a  local  bulging  of  the  chest, 
should  always  lead  to  the  suspicion  of  either  circumscribed  pleurisy, 
malignant   growth,    or    hydatid.     Exploratory   puncture    will   then 
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eliminate  cancer,  and  the  character  of  the  flaid  must  be  further  in- 
terrogated as  to  evidences  of  echinococcus.  If  it  is  clear  and  non- 
albuminous,  the  diagnosis  of  the  latter  may  be  regarded  as  assured; 
otherwise  it  must  be  searched  for  hooklets,  and  if  these  are  not  found, 
as  is  very  often  the  case,  an  absolute  conclusion  cannot  be  reached. 
Evidences  of  pulmonary  or  hepatic  echinococcus  will  then  be  es- 
pecially valuable.  This  would  also  be  the  case  where  the  signs 
are  simply  those  of  large  effusion  or  pneumothorax.  Here  there 
would  scarcely  be  any  suspicion  of  hydatids  unless  aroused  by 
purely  extrapleural  conditions,  by  suggestive  elements  in  the  pa- 
tient's history,  or  by  the  escape  of  daughter  cysts  either  by  vomica 
or  through  the  external  opening  after  operation. 

Peognosis. 

The  prognosis  of  this  condition  is  very  grave.  Left  to  itself  it  is 
said  to  be  inevitably  fatal  in  from  one  and  a  half  to  four  years,  death 
resulting  from  suffocation  or  from  a  complicating  pyothorax  or 
pneumopyothorax.  By  timely  operation  life  may  often  be  saved  if 
threatened  solely  by  the  intrapleural  affection. 

Treatment. 

This  must  necessarily  be  operative;  and  two  methods,  simple 
aspiration  and  thoracotomy,  have  been  tried.  It  seems  from  the 
statistics  of  Neisser  and  Maydl  that  the  radical  operation,  prefera- 
bh'^  with  resection,  has  given  incomparably  the  best  results.  Neis- 
ser collected  16  cases  which  had  been  submitted  to  operation;  8 
were  simply  punctured,  and  of  these  only  2  recovered ;  the  other  8 
were  treated  by  thoracotomy  with  only  2  deaths.  Maydl  reports  29 
operated  cases ;  of  16  which  were  simply  punctured,  11  died ;  while 
of  13  in  which  either  incision  or  resection  was  performed  only  3 
died,  and  the  rest  fulh^  recovered. 

It  seems,  therefore,  that  aspiration  is  quite  inadequate  in  the 
treatment  of  this  disease,  and  that  the  radical  operation  is  invariably 
indicated.  This  is  the  opinion  of  Maydl,  Heydenreich,  and  Koenig ; 
and  these  are  also  agreed  that  resection  is  alwa3^s  better  than  simjDle 
incision.  The  operation  has  here  no  special  features;  daughter 
cysts  of  very  considerable  size  have  been  extracted  through  the  open- 
ing, and  in  a  case  of  Coupland's  the  fistula  remained  open  until 
numerous  shreds  of  membrane,  evidently  portions  of  the  hydatid 
wall,  were  thus  removed. 
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MALIGNANT  NEW  GROWTHS. 

The  pleural  cavity  may  be  the  seat  of  either  sarcoma  or  carci- 
noma ;  the  latter  is  much  the  more  frequeut  of  the  two,  and  in  the 
following  description  it  will  be  almost  exclusively  considered. 

Pleural  cancer  is  usually  secondary.  It  is  often  associated  with 
malignant  disease  of  the  lung  as  pleuropulmonary  cancer,  both 
lieing  the  result  of  extension  fi'om  the  breast,  the  axillary  glands, 
the  oesophagus,  the  thyroid,  the  stomach,  or  other  abdominal  organs. 
The  existence  of  primarj^  fil^ural  cancer  was  formerly  denied,  but 
Wagner  in  1876  first  described  a  form  under  the  name  of  endothe- 
lial cancer  which  has  since  been  studied  by  Birch-Hirschfeld,  Neel- 
sen,  and  more  recently  b}'  Fraenkel,  and  which  maj'  unquestionably 
originate  in  the  pleura  itself.  It  does  not  appear  to  be  extremely 
rare,  cases  having  been  recently  reported  by  Eossier,  Harris  (two 
cases),  Hebb,  and  Brosch, 

The  pathological  appearances  in  the  secondary  forms  vary  of 
course  within  wide  limits.  In  some  cases  the  growth  appears  upon  the 
pleui'a  as  disseminated  nodules,  sometimes  flattened,  at  other  times 
prominent,  which  vary  in  size  from  a  pea  to  a  child's  head.  Or  the 
pleural  cavity  may  be  directly  invaded  by  a  cancerous  mass  which 
has  simply  grown  into  it  from  a  neighboring  organ.  In  either  case 
the  growth,  if  large,  may  cause  marked  displacement;  the  lung 
retracts,  the  heart  may  be  crowded  to  one  side,  and  rarely  there  may 
be  a  local  bulging  of  the  chest  wall. 

The  primary  form  above  alluded  to  as  endothelial  cancer  has  some 
especially  characteristic  features.  It  is  usually  diffuse,  and  the 
whole  pleura  of  one  side  is  converted  into  a  dense  resisting  layer, 
one-half  to  one,  rarely  two  or  even  more  centimetres  in  thickness  (case 
of  Hebb).  It  bears  a  much  greater  resemblance  to  ordinary  fibroid 
thickening  than  to  a  new  growth,  and  undoubtedly  has  often  been 
mistaken  for  such.  Its  inner  surface  may  be  smooth,  or  markedly 
ti-abeculated  like  an  hypertrophied  bladder;  adhesions  may  also 
exist  between  the  opposite  pleural  surfaces.  On  section  a  few  drops 
of  a  chylous  fluid  can  often  be  expressed  from  the  cut  surface. 
Microscopically,  this  tissue  is  found  to  consist  of  a  fibrous  stroma  in 
which  are  enlarged  lymph  spaces  more  or  less  completely  filled  with 
polymorphous  cells.  Although  it  is  the  opinion  of  most  patholo- 
gists (for  example,  botli  Wagner  and  Ziegler)  that  this  growth 
should  be  classed  among  the  endothelial  cancers,  Fraenkel  believes 
that  it  is  inflammatory,  probably  infectious,  and  that  a  better  name 
would  be  "lymphangitis  prolifera."     At  all  events,  it  has,  as  Fraen- 
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kel  admits,  all  the  clinical  characteristics  of  malignancy.  If  this 
primary  form  has  existed  for  any  length  of  time,  there  will  be  found 
a  marked  contraction  of  the  chest,  especially  of  its  lateral  and  pos- 
terior regions.  The  lung  may  be  small  and  atelectatic,  but  other- 
wise wholly  normal ;  or  it  may  also  contain  secondary'  cancerous  de- 
posits. 

Pleural  cancer  is  generally  accompanied  by  serofibrinous  effusion 
which  in  one-half  to  two-thirds  of  all  cases  (Netter)  is  hemorrhagic. 
Fraentzel  states  that  the  fluid  is  usually  a  simple  transudation;  this 
seems  very  doubtful  in  view  of  the  sudden  pain  and  fever  which  often 
attend  its  development ;  and  it  is  far  more  probable  that  it  is  usually 
an  inflammatory  exudate  and  the  result  of  pleurisy. 

Symptoms. 

The  onset  of  pleural  cancer  is  usually  insidious.  There  may  be 
a  constant  dull  pain  in  the  side ;  and  if  the  tumor  reaches  any  con- 
siderable size  it  will  in  time  give  rise  to  dyspnoea.  A  growing  cach- 
exia, with  progressive  emaciation,  loss  of  strength,  and  sallow  or 
greenish-yellow  hue  of  the  skin,  will  often  be  the  most  noticeable 
indication  of  serious  disease.  In  other  cases  the  first  evidence  of 
the  affection  will  be  an  acute  attack  of  pleurisy ;  a  sharp,  sudden  pain 
in  the  side  is  followed  by  fever,  dyspnoea,  and  the  rapid  development 
of  effusion.  The  latter,  even  when  hemorrhagic,  may  not  reform  after 
aspiration,  as  in  a  case  reported  by  Dutil;  or,  more  frequently, 
there  is  obstinate  recurrence  up  to  the  time  of  death. 

On  physical  examination  it  will  often  be  noticed  that  the  axillary 
or  cervical  glands  are  considerably  enlarged.  Sometimes  malignant 
disease  elsewhere  than  in  the  chest  may  be  discovered.  Thoracic 
signs  are  inconstant  and  extremely  varied.  A  large  effusion  may 
completely  mask  the  underlying  cause  and,  before  aspiration,  fail  to 
suggest  anything  more  than  an  ordinary  pleurisy ;  this  is  probably 
the  rule.  After  repeated  punctures,  however,  there  develops  in  cer- 
tain cases,  oftenest  endothelial,  marked  deformity  of  the  chest,  espe- 
cially noticeable  in  its  lateral  and  posterior  regions,  and  due  to  con- 
traction of  the  diffuse  pleural  growth.  The  characteristic  feature 
of  this  process  is  the  exti*eme  rapidity  with  which  it  takes  place,  far 
greater  than  in  the  usual  forms  of  simple  pleurisy.  Respiration  over 
the  retracted  side  is  usually  bronchial  CPraenkel).  In  other  cases  the 
growth  itself  may  give  rise  to  pronounced  signs  of  compression  with 
circumscribed  protrusion  of  the  chest  wall ;  over  the  tumor  the  per- 
cussion note  is  flat,  sensation  of  resistance  very  marked,  voice  and  res- 
piration much  diminished  or  absent.     Fremitus  may  or  may  not  be 
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preserved.  The  area  over  which  these  signs  are  found  may,  of  course, 
present  any  conceivable  shape,  though  hardly  that  of  a  typical  pleu- 
ritic effusion. 

Diagnosis. 

The  diagnosis  of  pleural  cancer  is  often  an  iropossibility.  If  there 
is  no  effusion,  it  must  depend  primarily  upon  the  discovery  in  the 
chest  of  an  area  of  flatness  with  diminished  respiratory  and  vocal 
signs,  which  has  an  atypical  shape  and  position.  Combined  with 
this  there  must  be  some  general  cachexia,  with  or  without  enlarged 
axillarv  or  cervical  glands,  and  possibly  malignant  disease  else- 
where. 

In  the  great  majority-  of  cases  pleural  cancer  is  first  suspected  on 
exploratory  puncture  or  aspiration,  a  hemorrhagic  exudate  being 
usually  indicative  of  either  pleural  tuberculosis  or  cancer.  More  or 
less  certainty  in  favor  of  the  latter  can,  however,  be  acquired  only 
when  the  following  conditions  are  combined : 

1.  A  hemorrhagic  effusion  so  rich  in  red  blood  corpuscles  as  to 
closel}^  resemble  pure  blood.  This  deep  red,  often  venous  color,  in 
distinction  from  the  lighter  shades  usually  found  iu  tuberculosis,  is 
quite  characteristic  of  pleural  cancer.  At  the  same  time  it  is  to  be 
remembered  that  not  all  cancerous  effusions  are  hemorrhagic;  Xetter 
says  only  half  or  two-thirds  of  all  cases. 

2.  The  presence  of  considerable  fat,  either  free  as  isolated  glo- 
bules, or  contained  in  degenerated  epithelial  cells.  The  latter  may 
be  so  full  of  fat  as  to  present  a  distinctly  mulberry  appearance,  quite 
like  the  cells  which  Quincke  has  described  as  somewhat  character- 
istic of  cancer.  Free  fat  may  in  some  cases  be  so  abundant  that  the 
effusion  is  distinctly  chyliform.  The  statement  is  often  made  that 
these  chylous  pleurisies  are  usually  tuberculous ;  Quincke  and  Fraen- 
kel  both  maintain  that  they  are  at  least  equally  characteristic  of 
cancer.  Indeed,  the  study  of  chyliform  effusions  made  by  Bargebuhr 
would  indicate  that  cancer  is  even  a  more  frequent  cause  of  this  con- 
dition. Of  ten  cases,  the  origin  of  which  could  be  traced,  four  were 
from  cancer,  four  from  simple  pleurisy,  one  from  pulmonary  abscess, 
and  one  was  tuberculous. 

3.  The  discovery  of  small  masses  which  have  a  distinctly  can- 
cerous structure.  This  is  often  possible  when  the  process  is  destmc- 
tive.  Single  or  even  agglomerated  polymorphous  cells  are  in  no 
way  distinctive,  being  associated  with  quite  a  number  of  other  con- 
ditions. 

The  hemorrhagic  fluid  of  cancerous  pleurisy  is  extremely  apt  to 
recur  after  puncture ;   and  if  repeated  aspiration  is  followed  by  the 
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rapid  development  of  retraction  and  thoracic  deformity,  this  in  con- 
nection with  the  above  peculiarities  of  the  fluid  will  afford  valuable 
evidence  of  malignancy. 

As  to  the  p'ognosis  and  treatment  of  this  affection  nothing  need  be 
said.  The  primary  endothelial  variety  apiaears  to  be  equally  malig- 
nant with  the  more  frequent  secondary  forms.  The  treatment  can 
only  be  supporting,  with  repeated  aspiration  if  the  quantity  of  fluid 
becomes  great,  or  gives  rise  to  symptoms  of  distress. 
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ASTHMA. 


INTRODUCTION. 

With  the  names  asthma,  asthma  bronchiale,  asthma  nervosum, 
asthma  essentiale,  asthma  spasmodicum,  we  do  not  to-day  connect  the 
idea  of  a  definite  pathologico-anatomical  process,  but  rather  that  of  a 
sharply  marked  group  of  clinical  symptoms  the  most  striking  of 
which  are  attacks  of  dyspnoea. 

A  definite  statement  as  to  the  occurrence  of  a  nervous  or  spas- 
modic asthma  we  meet  with  first  in  Yan  Helmont.  But  an  accurate 
description  of  the  features  of  the  disease  is  still  lacking.  This 
we  find  first  in  Willis,  whose  treatment  of  the  subject  contributed 
essentially  to  procure  a  more  general  acceptance  of  the  view  as  to 
the  nervous  nature  of  the  disease.  For  a  long  time  W^illis'  view  of 
the  spasmodic  nature  of  asthma  was  the  prevalent  one.  But  gradu- 
ally the  conception  of  the  word  "asthma"  became  more  widely 
extended,  one  spoke  of  asthma-like  dyspnoea,  and  new  forms  of 
asthma  were  distinguished,  so  that  finally  the  designation  "  asthma" 
was  applied  to  all  kinds  of  dyspnoeic  attacks.  But  this  confusion 
did  not  last  long.  The  rise  of  physical  diagnosis  and  of  pathological 
anatomy  in  this  century  had  the  result  that  more  and  more  of  the 
forms  which  hitherto  had  been  classed  with  asthma  nervosum  were 
recognized  as  having  an  organic  basis,  and  so  the  sphere  of  true 
asthma  became  constantly  more  contracted  until  finally  the  opposite 
extreme  was  reached.  While  formerly  many  forms  of  asthma,  and 
of  asthma-like  affections  were  recognized,  some  now  went  so  far  as 
to  deny  absolutel}'  the  existence  of  an  idiopathic  asthma  (Eostan, 
Bouillaud,  Louis,  and  others).  There  was  an  interval  before  voices 
again  began  to  be  heard  which  contended  for  the  existence  of  a  genu- 
ine idiopathic  asthma.  It  was  especially  Eomberg  who  maintained 
the  idiopathic  and  nervous  nature  of  asthma  vdih  good  physiologi- 
cal arguments,  supported  by  the  demonstration  made  by  Pieissersen 
of  unstriped  muscular  fibres  in  the  walls  of  the  bronchioles;  and 
Bergson  and  Salter,  whose  works  contributed  materially  to  the  re- 
habilitation of  asthma  nei-vosum,  soon  followed  him.     Since  then  the 
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existence  of  idiopatliic  nervous  astlama  lias  been  generally  recognized ; 
the  battle  is  now  confined  to  an  essentially  narrower  field. 

Tlie  question  now  is,  not  whether  there  is  an  idiopathic  asthma, 
but,  what  is  the  especial  mechanism  of  the  asthmatic  attack,  how 
does  such  an  attack  originate,  in  what  way  is  it  brought  to  an  end? 
There  are  three  theories  which  have  been  proposed  to  explain 
asthmatic  attacks.  The  oldest  is  the  theory  of  spasm  of  the  bron- 
chial muscles  which  has  found  an  enthusiastic  and  energetic  defender 
in  Biermer  especially.  According  to  this  theory  the  phenomena  of 
asthma  are  held  to  result  from  a  spasm  of  the  bronchioles. 

To  the  theory  of  bronchial  spasm  another  theory,  that  of  a  tonic 
spasm  of  the  diaphragm,  was  opposed  by  Wintrich.  This  theory 
soon  found  adherents  in  Bamberger,  Lehmann,  and  others. 

A  third  theory  is  that  vasomotor  disturbances  in  the  lesser  circu- 
lation, the  overfilling  of  the  blood-vessels,  and  a  swelling  of  the  bron- 
chial mucous  membrane  resulting  therefrom  are  the  causes  of  the 
impediment  to  respiration.  This  view  has  been  especially  supported 
by  Weber  and  Stoerk,  Glasgow,  Clark,  and  others.  These  are  the 
theories  which  now  prevail.  Yet  not  only  are  there  still  differences 
of  opinion  with  respect  to  the  theory  of  its  causation,  but  there 
is  also  a  great  confusion  in  the  interpretation  of  the  symptoms  of 
asthma,  in  that  the  various  and  in  part  widely  different  forms  of 
disease  which  may  lead  to  it  are  not  sharply  separated  from  each 
other,  and  that  cause  and  effect  are  often  not  distinguished. 

Definition. 

First  of  all  it  must  be  clearly  understood  that  the  word  "asthma" 
represents  merely  a  collection  of  symptoms.  If  clearness  is  to  obtain, 
we  must  start  with  a  well-defined  complexus  of  symptoms ;  we  must 
first  establish  what  that  complexus  of  symptoms  is  which  we  call 
asthma.  Only  when  a  positive  answer  is  given  to  this  question,  when 
we  are  clear  as  to  the  group  of  clinical  symptoms  which  must  be 
present  when  we  speak  of  asthma,  can  we  proceed  to  the  solution 
of  the  second  question,  that  of  the  etiology  and  mode  of  origin  of 
the  disease.  If  the  literature  is  examined  with  reference  to  the  first 
question,  agreement  as  to  the  definition  of  asthma  is  by  no  means  to 
be  found.   . 

All  paroxysmal  dyspnoea  for  the  occurrence  of  which  a  sufficient 
pathological  change  cannot  be  demonstrated  is  called  asthma  by 
many.  But  this  is,  without  doubt,  too  comprehensive  a  definition. 
A  dyspnoea  of  sudden  development  and  without  corresponding  or- 
ganic changes  is  not  sufficient  to  constitute  asthma. 
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Asthma  is  an  especial  and  peculiar  form  of  paroxysmal  dyspntjea, 
characterized  above  all  by  j^reatly  impeded  expiration,  whistling  and 
sibilant  rales,  and  acute  more  or  less  marked  emphysema,  the  lungs 
regaining  their  normal  size  at  the  termination  of  the  attack.  The 
peculiar  expectoration  which  will  be  described  further  on  is  also 
to  be  regarded  as  an  almost  constant  phenomenon  of  the  asthmatic 
attack. 

Only  to  this  complexus  of  symptoms  should  the  designation 
"asthma"  be  applied.  Frequently,  however,  not  only  the  laity,  but 
also  physicians  give  the  term  a  much  wider  application,  including 
under  it  every  possible  form  of  paroxysmal  dyspnoea.  If  the  cases 
of  asthma  reported  in  the  w^orks  of  even  the  more  recent  authors  be 
submitted  to  a  careful  examination,  the  above-mentioned  criteria  will 
often  be  found  wanting ;  indeed,  not  infrequently  it  can  be  positively 
determined  from  the  description  of  the  symptoms  as  well  as  from 
the  results  of  the  treatment  that  the  cases  were  not  those  of  genuine 
asthma.  The  confusion  which  still  prevails  concerning  the  affection 
is  dependent  in  no  small  measure  upon  this  fact. 

Asthma  and  dyspnoea  are  to  be  sharply  distinguished  from  each 
other.  In  every  case  of  dyspnoea  we  must  first  inquire  of  what  kind 
it  is,  whether  inspiratory,  expiratory,  or  mixed  dyspnoea.  In  con- 
trast with  the  mixed  dyspnoea,  the  breathing  in  the  first  two  forms 
is  not  quickened,  on  the  contrary,  rather  diminished  in  frequency, 
but  that  phase  of  the  respiration  which  is  especially  impeded  is  pro- 
longed at  the  expense  of  the  other.  Asthma  belongs  to  that  form  of 
dyspnoea  in  which  one  respiratory  phase,  expiration,  is  especially 
impeded  and  prolonged.  But  always  when  one  phase  of  the  respi- 
ration is  especially  impeded  we  find  that  two  means  of  compensation 
for  the  impediment  are  called  into  play  automatically;  these  are 
increased  power  and  longer  time.  Hence  we  find  in  asthma  that  the 
expiration  is  accomplished  by  the  aid  of  the  auxiliary  expiratory 
muscles,  and  that  respiration  is  diminished  rather  than  increased  in 
frequency,  but  that  the  expiration  is  prolonged  at  the  expense  of  the 
inspiration. 

The  second  essential  sj^mptom  is  the  acute  pulmonary  emphysema 
which  manifests  itself  by  increase  in  the  dimensions  of  the  lungs  and 
by  a  peculiar  modification  of  the  percussion  note,  which  Biermer 
called  the  "box"  or  "pillow"  tone.  The  mode  of  production  of  this 
acute  emphysema,  which  often  develops  in  a  few  minutes,  is  a  theo- 
retical question  to  which  we  shall  return  when  we  consider  the  theories 
of  asthma.  It  is  certain  that  this  emphysema  is  absent  in  no  pro- 
nounced case  of  asthma,  and  that  it  is  directlj'  connected  with  the 
attack  is  proved  by  its  rapid  apjjearance  at  the  beginning,  and  its 
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disappearance  at  tlieend  of  tlie  paroxysm.     On  auscultation  the  sibi- 
lant rales  are  heard  more  distinctly  in  expiration  than  in  inspiration. 

As  the  last  important  symptom  is  to  be  mentioned  the  sputum,  in 
which  the  occuiTence  of  Curschmann's  spirals  and  Ley  den's  asthma 
crystals  is  especially  noteworthy. 

These  are  the  essential  symptoms,  and  only  when  they  are  present 
may  we  call  the  affection  asthma.  Asthma  may  occur  as  a  primary 
and  idiopathic,  or  a  secondary  and  symptomatic  disease.  Primary 
idiopathic  asthma  is  much  more  rare  than  was  formerly  supposed. 
It  can  be  said  to  exist  only  when  the  most  careful  examination  can 
detect  no  abnormality  of  any  other  organ,  which  can  in  any  way  be 
connected  with  the  occurrence  of  the  attacks.  It  occurs  when  the 
attacks  are  excited  directly  by  the  respiratory  centre  or  by  the  centri- 
fugal nerves  of  the  respiratory  apparatus.  Such  attacks  are  certainly 
rare. 

Much  more  common  is  the  secondary  or  symptomatic  asthma 
which  may  also  be  called  reflex.  This  group  includes  the  large 
number  of  cases  in  which  the  asthma  is  caused  by  pathological 
changes  in  othe  rorgans.  Most  frequently  it  is  a  morbid  state  of  the 
respiratory  apparatus,  of  the  nose,  of  the  pharynx,  of  the  bronchi, 
etc.,  which  is  the  exciting  cause  of  the  paroxysm,  but  affections  of 
quite  distant  organs  may  also  excite  it  in  a  reflex  way.  That  here  the 
attacks  are  thus  reflexly  excited  is  proved  by  the  fact  that  the  disap- 
pearance of  pathological  conditions  in  the  organs  in  question  is  fol- 
lowed by  a  cure  of  the  asthma. 

Following  Curschmann's  example  we  might  divide  this  secondary 
asthma  again  into  subordinate  groups.  Curschmann  divides  it  into 
cases  (a)  in  which  the  lungs  are  normal  and  (b)  in  which  they  are 
diseased.  But  this  further  classification  seems  to  me  of  less  impor- 
tance than  the  first-mentioned  division  into  primary  and  second- 
ary asthma.  If  the  clinical  symptoms  show  that  an  asthma  is 
present,  it  must  next  be  established  by  means  of  a  minute  inquiry 
into  the  past  history,  with  a  consideration  of  all  the  circumstances 
and  by  a  very  careful  examination  of  all  the  organs,  whether  the 
asthma  is  primary  or  secondary.  Upon  the  answer  to  this  cjuestion 
depends  also  the  treatment  of  the  case. 

This  division  seems  to  me  the  most  simple.  Many  authors  dis- 
tinguish an  additional  series  of  sub-varieties.  Thus,  for  example, 
Briigelmann  in  his  monograph  on  asthma  distinguishes  five  differ- 
ent groups,  a,  nasal,  a  pharyngolaryngeal,  a  bronchial,  a  neuras- 
thenic, and  an  intoxication  asthma.  Such  a  classification  I  cannot 
consider  appropriate ;  it  goes  too  far  in  some  respects  and  not  far 
enough  in  others.     For  this  classification  has  to  do  not  so  much  with 


DEFINITION.  133 

differences  in  the  form  of  asthma  as  with  differences  in  its  exciting 
causes.  But  reflexes  from  the  most  various  points  may  cause  asthma. 
Briigelmann's  refusal,  for  example,  to  recognize  asthma  djspepticum 
as  a  separate  form  because  that  belongs  under  neurasthenic  asthma, 
is  inconsistent  with  the  rest  of  his  classification,  which  is  based  upon 
the  points  from  which  the  excitation  of  the  asthmatic  attacks  jn-o- 
ceeds.  The  name  "  asthma  nasale"  means  only  that  the  excitation  of 
the  asthma  comes  from  the  nose ;  the  name  "  asthma  dysjjepticum" 
means  onlj^  that  the  excitation  comes  from  the  stomach.  But,  for 
the  disease  thus  to  originatei  it  is  not  necessary  that  the  patient 
should  be  neurasthenic,  and  neither  the  nasal  disease  nor  the  dys- 
pepsia in  itself  constitutes  asthma ;  for  that  something  else  is  neces- 
sary, i.e.,  an  especial  predisposition  the  effect  of  which  is  that  in  one 
case  a  disease  of  the  nose,  in  another  a  disease  of  the  stomach,  in  a 
third  jjsychical  emotion  causes  an  asthmatic  attack.  We  do  not 
know  upon  what  this  predisposition  depends,  but  we  hare  many  anal- 
ogies for  it  in  pathology.  In  one  case  every  indisposition  causes  a 
migraine,  in  another  a  cramp  of  the  stomach,  in  a  third  an  asthmatic 
attack.  If  we  wish  to  put  it  in  different  language  we  may  say  that 
the  organ  affected  is  the  locus  mworis  resistentice  of  the  patient.  I 
therefore  do  not  consider  it  correct  to  distinguish  different  forms  of 
asthma  according  to  its  various  points  of  excitation.  The  predis- 
position to  asthma  is  of  chief  importance.  Even  in  one  and  the  same 
patient  asthma  maj^  proceed  from  affections  of  different  organs,  and 
the  sufferer  assigns  to-daj^  one  thing,  to-morrow  another  as  the 
cause  of  his  asthmatic  attack.  At  one  time  the  cause  is  a  raw  east 
wind,  at  another  mental  emotion;  again  it  is  the  inhalation  of  cer- 
tain vapors  or  the  immoderate  use  of  certain  articles  of  food,  etc. 
If  we  should  apply  to  all  these  cases  the  designation  "  neurasthenic 
asthma"  we  should  have  one  more  name,  it  is  true,  but  no  increase  in 
clearness,  for  we  do  not  know  upon  what  this  "  neurasthenic"  ten- 
dency to  asthmatic  attacks  depends. 

Asthma  may  be  called  a  nervous  disease,  a  neurosis,  inasmuch 
as  it  is  certain  that  nervous  disturbances  play  a  part  in  it.  But 
Curschmann  is  right  when  he  says  that  the  term  "  nervous  asthma" 
is  too  general;  the  name  "asthma"  is  sufficient.  The  name  "spastic 
asthma"  goes  too  far,  for  it  takes  for  granted  that  the  condition  is 
one  of  spasm  only,  which  may  be  true,  but  is  not  yet  certainly 
proved.  Even  though  vasomotor  disturbances  of  the  respiratory 
mucous  membrane  play  a  part  in  the  asthmatic  paroxysm,  as  seems 
to  be  proved  by  many  facts,  yet  the  name  "vasomotor  asthma"  must 
be  rejected  as  insufficient.  The  often  used  name  "  bronchial  asthma" 
also  carries  with  it  an  hypothesis :  it  assumes  that  the  condition  is 
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one  of  bronchial  spasm.  But  if  the  designation  "  bronchial  asthma*' 
is  restricted  to  those  cases  in  which  the  asthma  is  connected  with  a 
not  transient  affection  of  the  respiratory  apparatus,  especially  of  the 
the  mucous  membrane  of  the  finer  divisions  of  the  bronchial  tubes,  it 
would  then  be  applied  to  only  one  limited  form  of  asthma,  and  that 
a  secondary  asthma. 

The  so-called  "  asthma,  cardiale"  has  absolutely  nothing  in  com- 
mon with  genuine  asthma,  and  the  name  were  better  abandoned. 

In  the  following  chapters  we  shall  treat  only  of  true  asthma  as 
already  defined.  If  for  distinction  ftom  cardiac  asthma  a  more  de- 
finite designation  is  desired,  it  seems  to  me  better  to  use  the  term 
"  asthma  pulmonale"  instead  of  the  much  used  but  hypothetical  term 
"asthma  bronchiale." 

Etiology. 

As  we  have  seen  above,  we  must  distinguish  between  primary 
and  secondary  asthma.  In  the  former  the  attack  would  be  the 
direct  consequence  of  an  abnormality  of  the  respiratory  centre  or 
of  its  paths  of  communication;  in  the  latter  we  must  assume  that  the 
abnormal  excitation  of  these  patiis  takes  place  reflexly.  If  it  is  cor- 
rect, as  Bergson  and  Salter  supposed,  that  the  essence  of  asthma  is  a 
spasm  of  the  bronchial  musculature,  the  point  of  attack  must  be 
situated  either  directly  in  the  respiratory  centre  or  in  the  fibres  of 
the  vagus  which  innervate  the  bronchial  muscles.  A  definitely  estab- 
lished case  in  which  asthma  was  excited  from  the  centre  itself  does 
not  exist ;  the  hysterical  imitations  of  asthma  of  course  do  not  belong 
here. 

On  the  other  hand,  many  cases  have  been  observed  in  which  it 
appeared  probable  that  the  asthma  was  caused  by  swollen  tracheo- 
bronchial glands.  We  may  explain  such  cases  by  the  supposition 
that  the  varying  swelling  of  the  glands  produces  an  irritation  of 
the  vagus  (Biermer).  Williams  and  Joal  believe  that  a  frequent 
cause  of  asthma  in  children  is  a  chronic  swelling  of  the  bronchial 
glands  resulting  from  whooping-cough,  measles,  chronic  bronchitis, 
or  catarrhal  pneumonia.  These  are  supposed  to  give  rise  to  the 
attack  by  pressure  upon  the  vagus  or  its  branches. 

But  much  more  frequently  than  through  direct  excitation  of  the 
respiratory  centre  or  of  the  vagi,  asthma  is  -  produced  reflexly  from 
various  peripheral  organs.  Yet  even  for  these  cases  we  must  suppose 
that  an  especial  predisposition,  an  abnormally  ready  excitability  of 
the  respiratory  centre  or  of  its  centrifugal  paths  is  present,  the  result 
of  which  is  that  an  irritation  of  a  peripheral  organ,  a  stimulation  of 
the  olfactory  nerve,   a  cold,  psychical  emotion,  or  the  like  excites 
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reflexh^  an  asthmatic  attack.  Of  course,  we  do  not  know  upon  what 
this  predisposition  depends.  Doubtless  heredity  pLiys  a  certain 
part,  for  not  rarely  we  find  asthma  inherited  through  several  gen- 
erations. Thus  I  once  knew  a  family  in  which  the  father  and  some 
of  the  children  suffered  from  asthma,  the  latter  from  their  earliest 
youth;  the  mother  was  not  affected.  But  the  disease  immediately 
disappeared  in  all  the  cases,  after  all  possible  remedies  had  been  pre- 
viously employed  in  vain,  as  soon  as  the  family  left  the  villa  in  which 
they  had  resided  and  moved  to  another.  Certainly  some  of  the 
etiological  factors  of  the  disease  must  have  existed  in  the  previously 
occupied  house;  but,  on  the  other  hand,  a  special  hereditary  pre- 
disposition must  also  be  assumed,  since  the  whole  family  was  not 
attacked  by  asthma.  In  many  cases  of  hereditary  asthma  the  dis- 
ease is  found  to  appear  in  the  children  at  the  same  age  at  which  it 
began  in  the  parents,  and  also  to  disajDpear  at  the  same  period  of  life 
at  which  it  had  left  the  parents.  The  alternation  of  asthma  with 
other  neuroses  which  is  sometimes  observed  is  interesting.  Salter 
relates  a  case  in  which  asthmatic  and  epileptic  paroxysms  alternated 
with  each  other.  Eulenburg  observed  the  alternation  of  asthmatic 
attacks  with  hemicrania  and  with  angina  pectoris.  Not  very  rarely 
we  find  that  asthmatics  are  descended  from  families  in  which  epi- 
lepsy, migraine,  neurasthenic  affections,  and  gout  prevail.  Asthma 
has  often  been  thought  to  be  especially  connected  with  gout  and  the 
name  asthma  arthriticum  has  even  been  given  to  a  special  form  of 
the  disease. 

Men  are  much  more  liable  to  gout  than  women.  All  classes  of 
society  are  not  equally  attacked.  Undoubtedly  purely  nervous  asth- 
ma occurs  more  frequently  in  the  well-to-do  and  in  the  middle  than 
in  the  lower  classes.     Asthma  is  not  rare  even  in  earliest  childhood. 

Among  the  diseases  which  especially  predispose  to  asthma  or 
through  which  asthma  is  most  frequently  excited,  those  of  the  re- 
spiratory apparatus  are  first  to  be  named.  To  diseases  of  the  nose 
especially  a  great  and  in  part  an  exaggerated  importance  in  the 
production  of  asthmatic  attacks  has  recently  been,  assigned.  To 
Voltolini  belongs  the  credit  of  having  first  pointed  out,  in  the  year 
1871,  the  relatively  frequent  connection  of  nasal  diseases,  especially 
nasal  polypi,  with  asthma,  and  of  having  proved  that  connection  by 
showing  that  when  the  former  were  cured  the  asthma  disappeared. 
These  observations  of  Voltolini  were  soon  confirmed  by  numerous  in- 
vestigators, but  were  at  the  same  time  modified,  in  that  it  was  found 
that  not  only  nasal  polypi,  but  also  the  most  various  processes  in  the 
nose  and  in  the  nasopharyngeal  space  could  give  rise  to  asthmatic 
attacks. 
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An  essentially  new  theory  was  advanced  by  Hack.  Since  asthma 
is  observed  in  only  a  small  proportion  of  the  cases  of  nasal  polypi, 
while  in  the  majority  of  cases  all  nervous  accompaniments  are  absent, 
he  concluded  that  the  polypi  in  themselves  did  not  cause  the  excita- 
tion, but  that  besides  this  affection  another  factor  must  be  present. 
This  factor  he  believed  to  be  present  in  the  mucous  membrane  over 
the  turbinated  bones  of  the  nose,  these  turbinated  bodies  forming  a 
connecting  link  between  two  reflex  processes.  On  the  one  hand  reflex 
processes  which  may  have  their  origin  in  an  especially  irritable  con- 
dition of  the  nasal  mucous  membrane  itseK  produce  a  turgescence  of 
these  cavernous  spaces ;  on  the  other  hand  reflexes  which  often  mani- 
fest themselves  in  remote  regions,  asthma,  migraine  and  others,  arise 
from  the  swollen  organs. 

The  view  of  Hack  that  reflexes  are  produced  only  thi'ough  the 
agency  of  this  erectile  tissue  has,  however,  been  proved  to  be  too 
narrow.  It  has  been  proved  by  numerous  observers  that  reflexes 
may  arise  from  every  point  in  the  nose  and  without  the  agency  of 
the  erectile  tissue.  Nevertheless,  as  Schech  especially  insists,  the 
turbinated  bodies  may  plaj'  a  part  in  certain  forms  of  asthma. 
Schech  classes  under  this  head  a  part  of  those  asthmatic  cases  with 
nasal  affections  in  which  the  attacks  occur  only  during  sleep.  In 
these  cases  the  asthmatic  attack  is  excited  not  only  by  contact  but 
also  by  changes  in  the  mechanism  and  the  chemistry  of  respiration. 
The  mechanism  of  respiration  is  changed  in  that,  by  the  swelling  of 
the  erectile  tissue  of  the  nose,  respiration  through  the  nose  becomes 
impossible  and  the  sleeper  is  suddenly  forced  to  breathe  through  the 
mouth,  and  so  is  at  once  subjected  to  all  the  disadvantages  of  mouth 
breathing,  the  inhalation  of  colder,  dryer,  and  unpurifiecl  air.  This 
sudden  change  in  the  mode  of  respiration  and  in  the  inspired  air  in 
sleep  may  cause  asthma  in  cases  of  general  or  local  hypersesthesia  of 
the  nervous  system,  as  those  numerous  asthmatics  show  who  at  once 
lose  their  asthma  on  simply  changing  their  place  of  abode.  But  the 
chemistry  of  respiration  is  also  changed  in  consequence  of  partial  or 
complete  stoppage  of  the  nose  during  sleep.  The  blood  becomes 
deficient  in  oxygen  and  thus  the  innervation  of  the  brain  is  affected. 

However  this  may  be,  it  is  certain  that  nasal  diseases  of  every 
kind  and  asthma  are  very  frequently  found  together,  and  that  hj  a 
suitable  treatment  of  the  nasal  affection  the  asthma  may  be  cured. 
Another  question  is  this,  whether,  and  how  frequently,  the  cure  is 
permanent.  In  most  cases  this  question  cannot  be  decided  for  lack 
of  a  sufficiently  long  period  of  observation.  That  the  improvement 
is  often  enough  only  temporary  every  one  has  learned  who  has 
observed  a  considerable  number  of  such  cases  for  a  long  time.     This 
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should  hardly  excite  surprise,  for  the  disease  of  the  nose  per  se  is  not 
necessaril}'  followed  by  asthma.  The  asthmatic  attack  is  indeed 
excited  by  it,  but  for  such  excitation  an  additional  factor  is  also 
necessary,  i.e.,  a  special  irritabilit}-  of  the  respiratory  nervous 
apparatus.  But  this  latter  is  not  changed  b}'  the  local  treatment  of 
the  nose — one  peripheral  point  of  attack  only  is  removed.  It  is 
therefore  not  strange  if,  after  a  time,  in  si)ite  of  the  cure  of  the 
nasal  atfectiou,  the  asthmatic  attacks  recur;  for  the  x^i'edisposition 
still  persists  as  before  and  only  a  single  point  of  excitation  has  been 
removed.  But  patients  are  often  seen  in  whom  asthma  is  excited  not 
only  from  the  nose  but  also  from  other  parts  of  the  respiratory 
apparatus,  and  even  from  other  organs.  Now  the  attacks  are  con- 
fined to  the  time  of  menstruation,  again  psychical  emotions  or  other 
influences,  colds  and  the  like,  excite  such  an  attack.  Nevertheless, 
even  in  such  cases,  if  the  nose  causes  the  patient  annoyance  or  if  the 
objective  examination  detects  any  morbid  change  in  it,  local  treat- 
ment is  certainly  in  place. 

According  to  Hack's  theory,  reflexes  are  excited  onl}^  through 
the  erectile  tissue;  accordingly  the  elimination,  that  is  to  say,  the 
destruction  of  the  erectile  tissue,  should  remove  the  asthma.  This 
assumption  has  not  been  proven  to  be  correct.  When  any  abnor- 
mality of  the  nose  is  present  which  can  be  connected  with  the  asthma, 
this  should  be  removed.  But  we  must  not  overlook  the  fact  that  in 
so  doing  we  remove  only  a  single  source  of  stimulation  of  the  attacks, 
not  the  predisposition  to  the  attacks  itself. 

To  that  form  of  asthma  which  is  caused  by  nasal  afi'ections  is 
most  closely  allied  the  so-called  hay  fever  or  hay  asthma  which  in 
some  countries,  especially  England  and  America,  is  a  frequent,  but 
with  us  a  rare  form  of  disease.  Many  have  thought  that  hay  asthma 
should  be  regarded  as  a  special  type,  particularlj'  on  account  of  the 
phenomena  connected  with  the  circulatory  system  which  manifest 
themselves  in  the  form  of  more  or  less  well-marked  hyperemia  of  the 
mucous  membrane  of  the  air  passage,  increased  secretion  of  the 
nasal  and  bronchial  mucous  membrane,  increased  lachrymal  secre- 
tion, sometimes  even  very  transient  oedema  of  the  face  and  urticaria. 
On  account  of  these  phenomena  it  has  even  been  thought  that 
hay  asthma  should  be  regarded  as  the  typical  vasodilator  form  in 
the  Weber-Stork  sense  of  the  term.  I  cannot  accept  this  view.  The 
above-mentioned  phenomena  by  no  means  constitute  hay  asthma. 
We  can  only  use  that  terra  when  the  already  described  manifestations 
of  asthma,  the  typical  attacks  with  expiratory  dyspnoea,  acute  pul- 
monary emphysema,  sibilant  rhonchi,  etc.,  are  present,  not  when 
catarrhal  symptoms,  coryza,  conjunctivitis,  bronchitis,  supraorbital 
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neuralgia,  etc.,  alone  occur.  The  proper  terms  for  the  latter  series 
of  symptoms  are  liay  fever,  hay  cold,  and  the  like.  The  catarrhal 
and  vasodilator  phenomena  may  be  present  vdthout  asthmatic  at- 
tacks resulting. 

The  exciting  cause  is  well  known  to  be  the  pollen  of  certain 
grasses,  not,  as  was  formerly  supposed,  the  pollen  of  a  single  kind  of 
grass,  but  of  various  grasses.  In  England  the  Anthoxanthum  odora- 
tum,  in  Germany  the  rye  blossom,  in  America  the  Ambrosia  arte- 
misitefolia  are  regarded  as  especially  responsible  for  the  disease. 

Without  doubt  hay  asthma  is  a  nasal  form  of  asthma  in  that  the 
attack  is  excited  from  the  nose.  But  these  attacks  appear  only  when 
a  predisposition  to  asthma  is  present.  Cure  of  hay  asthma  from 
local  treatment  of  the  nose  has  often  been  observed,  but  that  in  hay 
asthma  only  a  peculiar  exciting  cause,  not  a  special  form  of  asthma 
is  x)resent,  is  shown  by  the  fact  that  the  affection  can  perpetuate  itself 
not  simply  as  an  asthma  appearing  at  the  time  of  the  hay  harvest  but 
as  ordinary  asthma.  Thus  See  has  related  a  case  in  which  a  sufferer 
from  hay  asthma,  after  the  disease  had  recurred  for  twenty  summers, 
finally  acquired  a  lasting  dilatation  of  the  right  heart.  Of  this 
patient's  three  daughters,  two  suffered  from  typical  asthma.  But 
cases  are  not  rare  in  which  the  patients  suffer  not  only  from  hay- 
asthma  but  also  from  other  asthmatic  attacks. 

Hay  fever,  hay  coryza,  and  hay  asthma  are  then  to  be  sharply 
differentiated.  We  should  use  the  term  hay  asthma  only  when  the 
entire  complexus  of  symptoms  of  the  asthmatic  attack  is  present,  not 
when  there  are  merely  catarrhal  symptoms,  such  as  coryza  and  the  like. 

Like  the  pollen  of  certain  plants,  other  irritants  of  the  nose  may 
excite  asthma  in  the  predisposed.  Asthma  caused  by  ipecacuanha 
has  been  repeatedly  observed.  CuUen  tells  of  an  apothecary's  wife 
who  had  an  attack  of  asthma  whenever  ipecacuanha  was  triturated  in 
the  shop.  Trousseau  relates  with  regard  to  himself  that  he  always 
had  an  attack  of  asthma  if  he  remained  in  a  room  in  which  there  was 
a  bouquet  of  violets.  Itzigson  reports  the  case  of  a  merchant  who 
always  had  an  asthmatic  attack  if  fresh  coffee  was  handled  in  his 
presence,  and  another  speaks  of  a  dyer  who  had  asthma  when  work- 
ing with  the  wood  of  Quercus  tinctoria. 

To  these  form's,  since  they  are  produced  by  abnormal  sensitiveness 
to  certain  odors,  the  name  "  asthma  idiosyncraticum"  has  been  given, 
a  term  which  is  not  particularly  apt.  Idiosyncrasies  play  a  part  in 
many  forms  of  asthma  as  well  as  in  hay  asthma.  But  that  in  these 
forms  the  psychical  factor  may  be  of  importance  is  shown  for  ex- 
ample by  a  case  reported  by  Mackenzie.  It  was  that  of  a  lady  who 
alwavs  had  an  attack  if  she   smelled  a  rose.     One  day  Mackenzie 
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held  an  artificial  rose  before  lier,  when  an  attack  occurred  as  before. 
In  this  case  the  idea  of  the  irritation  which  at  other  times  caused 
tho  attacks  was  sufficient  to  produce  one.  But  this  case  also  shows 
that  in  an  individual  who  is  predisposed  to  asthma  and  in  whom  the 
point  of  excitation  is  peripheral,  here  for  example  the  nose,  the 
attack  may  be  excited  in  a  purely  psychical  way  without  irritation  of 
the  peripheral  organ. 

How  difficult  it  sometimes  is  to  find  the  exciting  cause  of  the 
attack  is  shown  by  a  case  recently  reported  by  Diinger.  The 
l)atient,  who  was  thirty-two  years  of  age,  had  begun  to  suffer  from 
asthma  in  his  fifteenth  year.  In  the  follo-^dng  years  the  signs  of 
tuberculosis  of  the  lungs  became  increasingly  prominent,  and  at 
the  same  time  the  trouble  from  asthma  increased.  Residence  in 
Davos  brought  improvement  to  the  tuberculosis,  and  an  operation  on 
the  nose  caused  an  almost  complete  disappearance  of  the  asthmatic 
attacks.  After  six  months  the  asthma  returned.  Sometimes  the 
patient  noticed  that  upon  a  change  of  locality  or  even  of  the  bed 
there  was  a  s^clden  return  of  the  attacks,  at  other  times  that  the 
attacks  which  had  been  violent  ceased  as  suddenly.  In  latter  years 
the  attacks  had  stopped  almost  entirely,  but  recurred  again  in 
this  year.  The  patient  removed  to  another  to^vn.  At  once  the 
asthma,  which  had  been  almost  entirely  absent  for  four  years,  re- 
turned. One  day  the  patient  made  the  following  discovery :  In  the 
night  he  had  a  violent  attack,  he  got  up  and  lay  upon  a  sofa  in  the 
adjoining  room.  The  attack  ceased  immediately.  This  experiment 
had  always  the  same  result.  Hence  he  began  to  suspect  that  the 
mattress,  the  peculiar  odor  of  which  attracted  his  attention,  was  to 
blame  for  the  asthma.  He  changed  the  mattress,  and  from  that 
moment  the  asthmatic  attacks  disappeared. 

As  from  the  nose,  an  asthmatic  attack  may  also  be  excited  from 
the  i)harynx,  the  larynx,  or  the  bronchi.  To  certain  diseases  of  the 
bronchi  an  especial  importance  in  the  causation  of  asthma  has  re- 
cently been  assigned.  As  is  well  known,  Laennec  and  Bree  supposed 
that  diseases  of  the  bronchi  were  directly  connected  with  asthma,  but 
their  views  attracted  no  further  attention  under  the  influence  of  the 
ever  more  widely  accejjted  theories  as  to  the  purely  nervous  nature  of 
asthma,  until  Ley  den  in  his  well-known  work  "Zur  Kenntniss  des 
Bronchialasthma"  again  directed  attention  to  the  changes  of  the 
bronchial  mucous  membrane  in  this  disease.  In  the  year  1871  he 
first  pointed  out  the  fact  that  in  asthma  a  peculiar  secretion  is  formed 
in  the  bronchial  tubes.  In  this  expectoration  he  found  numerous 
threads  and  plugs  in  which  the  crystals  already  discovered  by  Char- 
cot in  other  diseases   were  detected.     Levden  assumed  that  from 
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time  to  time  a  peculiar  lymph-like  mass  was  poured  out  into  the 
alveoli  of  the  bronchioles,  that  this  mass  remained  there  until  it  had 
become  inspissated,  and  crystals  had  formed,  and  that  thus  bronchial 
spasm  was  secondarily  produced. 

We  are  indebted  to  Curschmann  for  especially  thorough  and 
caref al  investigations  as  to  the  nature  of  the  sputum  in  asthma. 
Curschmann' s  work  culminated  in  the  demonstration  that  there  is  a 
peculiar  chronic  disease  of  the  bronchioles  which  is  with  especial  fre- 
quency combined  with  asthma.  This  is  characterized  according  to 
him  by  a  peculiar  viscid  sputum,  like  the  white  of  an  egg,  in  which, 
according  to  the  nature  of  the  individual  case  and  the  time  of  the 
examination,  a  greater  or  lesser  number  of  very  characteristic  forma- 
tions are  to  be  found,  the  spirals  and  central  threads,  and,  closely 
connected  with  these,  the  crystals  described  by  Ley  den.  Cursch- 
mann believed  that  this  form  of  disease  should  be  sharply  separated 
from  the  common  catarrhal  affection  of  the  bronchioles  as  well  as 
from  fibrinous  bronchiolitis,  and  proposed  for  it  the  name,  which  is 
now  pretty  generally  accepted,  of  exudative  bronchiolitis.  This  he 
regarded  as  a  completely  independent  disease,  but  a  disease  which 
very  frequently,  or  when  the  malady  has  reached  a  certain  develop- 
ment nearly  constantly,  leads  to  asthma.  Therefore,  according  to 
Curschmann,  for  the  production  of  asthma  the  mere  existence  of  a 
bronchiolitis  does  not  suffice,  but  there  must  be  a  certain  extension  of 
the  disease  through  the  bronchi  and  a  certain  irritability.  The  dura- 
tion of  the  process  is  also  of  importance,  since  only  the  chronic  form 
leads  to  asthma,  the  acute  exudative  bronchiolitis  running  its  course 
without  causing  asthmatic  attacks.  Hence  the  bronchiolitis  plays 
only  the  part  of  a  predis£)Osing  factor  which  reflexly  excites  the 
asthmatic  attack,  in  a  way  analogous  to  that  of  the  diseases  of  the 
nose  previousl}'  mentioned. 

But  here  it  should  be  stated  that  this  conception  has  not  been 
accepted  without  dispute.  Of  the  fact  of  the  frequent,  indeed  almost 
regular,  occurrence  of  spirals  and  crystals  there  can  be  no  doubt,  but 
it  is  another  question  whether  these  spirals  are  the  cause  or  the  prod- 
ucts, the  accompaniments  or  the  results  of  the  asthma.  Another 
question  is  whether  the  change  of  the  mucous  membrane  in  question 
and  the  diminished  permeability  of  the  bronchi  through  its  products 
do  not  alone  suffice  to  explain  the  complexus  of  symptoms  of  asthma 
without  recourse  to  a  spasmodic  element.  This  view  has  also  been 
defended  especially  by  Ungar,  who  has  attempted  to  explain  the 
symptoms  of  the  attack  in  a  purely  mechanical  way,  b^^  the  fact 
of  obstruction.  But  the  opinion  has  been  expressed  by  Schech,  B. 
Fraenkel,  and  others  that  Curschmann's  spirals  are  not  the  cause  but 
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only  .1  consequence,  a  secondary  product.  In  Rni)port  of  this  view 
special  weight  has  been  placed  upon  the  fact  that  spirals  and  crys- 
tals are  also  found  in  cases  of  nasal  asthma,  and  that  in  cases  where 
the  attempt  to  cure  the  asthma  by  treating  the  nose  was  successful, 
the  sputum  and  the  spirals  disappeared.  Bnt  we  cannot  enter  further 
into  the  discussion  of  this  question  here,  since  we  are  concerned  only 
Avith  the  relation  of  bronchiolitis  to  asthma.  We  shall  return  later 
to  the  question  whether  it  is  the  cause,  the  consequence,  or  the  ac- 
companiment of  asthma. 

It  would  lead  us  too  far  to  enumerate  singly  all  the  other  organs 
which  have  been  brought  into  etiological  connection  w4th  asthma 
and  from  which  an  attack  may  be  excited  reflexly.  We  need  only  men- 
tion asthma  vernale,  uterinum,  verminosum,  dyspepticum,  and  the 
like.  But  these  terms  have  been  much  misused.  Any  one  who  at- 
tentively examines  the  literature  of  these  forms  of  asthma  will  cer- 
tainly admit  that  by  far  the  greater  number  of  the  cases  described  as 
asthma  dyspepticum,  uterinum,  etc.,  are  not  genuine  cases  of  asthma. 
The  same  can  be  said  of  a  series  of  cases  which  have  been  described 
as  psychical  asthma.  I  have  already  cited  an  observation  which 
proves  that  the  mind  plays  an  important  part  in  the  etiology  of 
asthma.  But  cases  have  often  been  described  as  psychical  asthma 
which  have  nothing  to  do  with  genuine  asthma.  Thus  Hecker  very 
properly  calls  attention  to  the  fact  that  a  state  of  anxiety  in  neu- 
rasthenics is  sometimes  confounded  with  asthma.  Patients  were 
repeatedlj^  sent  to  him  with  the  diagnosis  of  asthma  in  whom  a  single 
observation  of  the  attacks  sufficed  to  establish  the  fact  that  they  were 
not  asthma  at  all,  but  typical  attacks  of  anxiety. 

That  asthmatic  attacks  may  be  caused  in  the  predisposed  by  psy- 
chical excitement  is  well  known.  For  these  cases  in  which  the  char- 
acteristic phenomena  of  asthma  are  present  the  term  "psychical 
asthma"  may  be  reserved,  but  it  should  not  be  applied  to  cases  of 
anxiety  connected  with  dyspnoea  like  those  mentioned  above.  The 
name  "asthma,"  as  I  cannot  too  strongly  insist,  should  be  reserved 
for  cases  in  which  the  already  described  complexus  of  symptoms 
is  present,  viz.,  expiratory  dyspnoea,  acute  pulmonary  emphysema, 
sibilant  rales,  and  the  like. 

Of  other  predisposing  causes  climatic  conditions  should  first  be 
mentioned.  Asthma  occurs  undoubtedly  with  greater  frequency  in 
some  regions  than  in  others.  It  seems  to  be  especially  frequent  in 
England  and  North  America.  The  fact  which  has  been  especially 
emphasized  by  Trousseau,  that  certain  patients  are  attacked  by 
asthma  in  some  localities  and  not  in  others,  is  important.  Every 
one  who  has  seen  many  asthmatics  can  report  such  observations. 
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A  general  law  with  regard  to  the  influence  of  the  seasons  cannot 
be  formulated.  Some  asthmatics  feel  better  in  summer,  others  in 
winter.  Sudden  changes  of  the  weather  and  wind  are  unfavorable. 
Rosenstein  has  stated  that  in  Groningen  the  northeast  wind  is  espe- 
cially unfavorable,  and  that  patients  there  predict  attacks  when  it 
begins  to  blow. 

Night  is  to  be  mentioned  as  one  of  the  best-known  predisposing 
causes.  Many  patients  have  attacks  only  in  the  hours  of  darkness. 
In  many  of  these  cases  the  attacks  do  not  occur  if  a  light  is  left 
burning.  In  many  patients  the  attacks  occur  regularly  at  the  same 
hour,  in  others  irregularly.  Thus  Trousseau,  who  himself  suffered 
from  asthma,  relates  that  his  attacks  occurred  regularly  at  three 
o'clock  in  the  morning. 

Among  other  predisposing  factors  the  relations  of  chronic  skin 
diseases  to  asthma  deserve  notice.  Dollinger  maintained  that  asthma, 
which  is  said  to  be  met  with  more  frequently  in  warm  than  in  cold 
countries,  was  often  caused  by  the  "  driving-in"  of  herpes,  and  that 
it  appeared  very  frequently  after  the  disappearance  of  herpetic  affec- 
tions. Patients  whose  asthma  dates  from  early  youth  often  state 
that  they  had  suffered  in  childhood  from  obstinate  skin  eruptions. 
In  other  cases  we  see  asthma  combined  with  psoriasis,  eczema,  and 
other  affections  of  the  skin.  Waldenburg  called  attention  to  the  fact 
that  sometimes  a  certain  reciprocal  activity  is  observed  between 
eczema  and  asthma,  in  that  one  disappears  or  diminishes  when  there 
is  an  exacerbation  of  the  other.  Blanchez  reported  to  the  Societe 
Medicale  des  Hopitaux  in  1883  a  case  of  a  child  of  twelve  years  who 
had  suffered  from  eczema  since  his  second  year  and  in  whom  the 
remission  of  this  eruption  was  always  succeeded  by  violent  attacks  of 
asthma. 

The  congenital  enlargement  of  the  thyroid  gland  has  been  believed 
to  be  a  not  very  rare  cause  of  asthma  in  children.  Through  this  the 
entrance  into  the  laryngeal  cavity  is  narrowed,  and  thus  asthma  is 
supposed  to  be  induced.  This  view  shows  again  how  loosely  the 
term  asthma  has  been  applied.  That  a  mechanical  narrowing  of  the 
lumen  of  the  larynx  can  cause  dyspnoea  is  a  matter  of  course,  but 
this  dyspnoea,  aside  from  the  fact  that  it  is  more  or  less  continuous, 
is  never  expiratory  and  has  no  relation  in  any  way  with  asthma. 

Lead  has  also  been  brought  into  connection  with  asthma  and 
an  especial  form,  "asthma  saturninum,"  has  been  distinguished. 
Although  I  have  observed  many  cases  of  lead  poisoning  of  widely 
differing  degrees  of  severity,  I  have  never  seen  typical  asthmatic 
attacks  which  could  be  regarded  with  certainty  as  the  result  of  such 
poisoning.     The  assumption  is  the  more  natural  that  if  under  tho 
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influence  of  lead  dyspnoeic  attacks  develop,  they  are  to  be  referred 
rather  to  abnormalities  of  the  heart's  action  than  to  spastic  states  of 
the  bronchi  or  diaphragm. 

These  are  the  most  important  actual  and  alleged  exciting  causes 
of  asthma,  although  in  the  foregoing  enumeration  all  the  possibilities 
are  of  course  not  exhausted.  But  most  imx)ortant  of  all  is  ahvays 
the  predisposition,  the  peculiar  change  in  the  irritability  of  the  re- 
spiratory nervous  apparatus,  the  result  of  which  is  that  trivial  irrita- 
tions of  the  most  difi'erent  kinds  and  from  the  most  different  sources 
produce  the  spasmodic  attack. 

Symptomatology  and  Couese. 

Asthma  is  a  paroxysmal  disease  characterized  by  attacks  of  more 
or  less  highly  developed  dyspnoea  which  recur  generally  at  irregular, 
more  rarely  at  regular  intervals.  In  the  intervals  the  patients  feel 
well,  provided  that  there  are  no  complications  or  that  no  sequelse 
have  developed,  such  as  are  found  after  a  considerable  duration  of 
the  disease.  The  attacks  occur  more  frequently  in  the  night  than 
in  the  day,  and  they  generally  begin  suddenly  and  unexpectedly. 
The  patient,  who  has  enjoyed  a  good  and  quiet  sleep  in  the  first 
hours  of  the  night,  awakes  suddenly  with  a  feeling  of  oppression  and 
anxiety,  which  rai)idly  increases  and  becomes  severe.  Eespiration 
becomes  increasingly  more  difficult.  The  breathing,  especially  the 
expiration,  is  sighing  and  whistling.  It  is  impossible  for  the  patient 
to  remain  in  bed  even  in  a  sitting  posture.  He  springs  out  of  bed 
and  supports  himself,  generally  bending  forward  upon  a  chair  or 
table.  His  brow  is  covered  with  cold  sweat,  his  hands  are  cold 
and  damp,  and  his  face  becomes  more  and  more  cj-anotic.  The 
patients  often  assume  the  most  singular  positions  to  satisfy  their 
hunger  for  air,  most  frequently  they  prefer  to  bend  forward.  The 
appearance  of  the  patient  shows  that  his  breathing  is  labored  and 
difficult ;  his  loud  whistling  respiration  is  heard  at  some  distance. 
But  the  breathing  is  not  at  all  quickened,  on  the  contrary  it  is  slower 
than  normal  and  the  plainly  audible  expiration  is  especially  pro- 
longed. In  spite  of  all  his  efforts,  in  spite  of  the  assistance  of 
numerous  accessory  muscles  of  respiration,  the  patient  does  not  suc- 
ceed in  satisfying  his  hunger  for  air.  This  condition  continues  un- 
changed for  a  varying  time,  sometimes,  in  rudimentary  attacks,  for 
only  a  few  minutes,  but  in  typically  developed  attacks,  for  one,  two, 
or  three  hours,  or  even  much  longer.  Generally,  unless  influenced  by 
treatment,  the  dyspnoea  diminishes  gradually,  the  extremities  become 
warmer  again,  the  cyanosis  becomes  less,  the  loud  sighing  and  whis- 
tling give  place  to  a  moist  rattling,  so  that  the  patient  can  now  expec- 
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torate,  and  thus  all  tlie  symptoms  of  tlie  attack  graduallv  disappear. 
More  rarely  it  happens  tliat  the  attack,  left  to  itself,  suddenly  ceases, 
and  the  patient  states  that  he  has  the  sensation  of  a  sudden  relaxation 
of  the  spasm.  After  such  a  violent  attack  the  patient  usually  feels 
much  exhausted,  and  he  now  falls  into  a  deep,  quiet  sleep  from  which 
he  awakes  with  completely  free  respiration,  although  he  is  still 
somewhat  fatigued. 

Such  is  the  picture  of  the  typical  asthmatic  attack,  which  recurs 
at  now  longer,  now  shorter  inteiwals,  in  some  cases  almost  daily,  in 
others  after  long  and  irregular  intervals. 

But  there  are  numerous  variations  from  this  t^-pical  picture  of  the 
disease,  and  there  may  even  be  quite  rudimentary  attacks  in  which 
the  essential  features  of  asthma  are  only  barely  indicated,  and  the 
iact  that  in  such  cases  typical  and  severe  attacks  alternate  with  the 
rudimentary  attacks  alone  makes  it  possible  to  estimate  correctly  the 
significance  of  the  latter. 

But  while,  as  a  rule,  asthma  occurs  ciuite  suddenly  and  unexpect- 
edly in  perfect  health  and  without  a  demonstrable  cause,  in  certain 
cases  we  see  that  prodromes,  quite  similar  often  to  the  aura  epilep- 
tica,  precede  the  outbreak  a  longer  or  shorter  time,  by  which  the 
patient  is  apprised  of  the  apjjroach  of  the  attack.  Sometimes  the 
attack  is  preceded  by  violent  sneezing,  by  an  acute  coryza  with  abun- 
dant nasal  secretion,  sometimes  by  a  tickling  in  the  larynx  which 
causes  cough,  sometimes  an  abnormal  sensation  at  the  pit  of  the 
stomach,  or  yawning  which  the  patient  is  unable  to  suppress  indicates 
that  a  paroxysm  is  impending. 

In  many  other  ways  also  variations  occur  from  the  picture  already 
given.  While  as  a  rale  only  one  attack  takes  place,  which  is  suc- 
ceeded by  a  long  and  completely  free  interval,  in  some  cases  a  series 
of  attacks  occurs.  The  attacks  continue  a  number  of  days  with  only 
slight  intervals  before  they  give  place  to  a  longer  and  complete 
remission. 

Numerous  variations  also  occur  with  respect  to  the  time  of  the 
attacks.  It  is  a  noticeable  fact  that  in  many  patients  the  attacks 
always  occur  at  the  same  hour.  Thus  Trousseau  relates,  with  re- 
gard to  himself,  that  for  a  considerable  time  he  always  had  his  at- 
tacks at  three  o'clock  in  the  morning,  while  his  mother's  attacks  took 
place  between  eight  and  ten  o'clock  in  the  morning.  He  also  speaks 
of  a  tailor  who  was  so  regularly  attacked  with  asthma,  at  three 
o'clock  in  the  afternoon,  that  it  suggested  a  masked  intermittent 
fever. 

In  children  also,  in  whom  asthma  is  by  no  means  so  rare  as  is 
often  supposed,  many  deviations  from  the  typical  form  are  found. 
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As  was  pointed  out  by  Trousseau,  tlio  ciitaiThul  I'onu  is  more  fre- 
quent in  them,  since  the  phenomena  of  bronchitis  are  e8i)ecially 
prominent,  while  the  diagnosis  is  made  easy  by  the  fact  that  the 
degree  of  the  dyspnoea  bears  no  rehition  to  the  findings  of  ;ius- 
cultation.  It  is  quite  possible  to  confound  this  form  of  asthma 
Avith  a  simple  bronchial  catarrh;  but,  on  the  one  hand,  the  lack  of 
corresi)oudeuce  between  the  well-marked  nervous  phenomena  and  the 
trisial  catarrhal  changes,  and  on  the  other  the  absence  of  fever,  the 
efficacy  of  antispasmodic  remedies,  as  well  as  finally  the  rapid  disap- 
j)earance  and  the  just  as  sudden  and  ai)pareutly  causeless  return  of 
the  attacks,  should  make  it  possible  to  establish  a  correct  diagnosis. 

In  discussing  the  individual  symptoms  whether  prodromes  have 
preceded  or  not,  the  most  striking  symptom  is  the  marked  dyspnoea 
which  increases  rapid!}'  to  the  highest  degree.  The  patient  seeks  in 
every  way  to  satisfy  his  hunger  for  air.  He  rushes  from  his  bed, 
opens  the  window,  and  bends  forward,  supporting  himself  hx  his 
arms  in  order  to  effect  expiration  more  readily  bj^  the  aid  of 
the  firmly  contracted  abdominal  muscles.  The  patients  are  almost 
never  able  to  remain  in  bed.  As  a  rare  exception  and  not  at  all  cor- 
responding with  the  behavior  in  common  asthma,  must  the  case  of 
Bamberger's  be  regarded,  in  which  the  i^atient  during  the  attack 
always  laj*  ui)on  his  back,  never  attempted  to  sit  up,  and  made  no 
movement  except  that,  when  the  spasm  had  become  very  violent,  he 
moved  his  body  restlessly  from  side  to  side.  Of  course  asthmatics 
with  a  high  degree  of  dyspnoea  avoid  all  extensive  movements,  but 
the  maintenance  of  a  horizontal  position  does  not  belong  at  all  to  the 
picture  of  asthma.  Sometimes  the  patients  sit  upright  in  bed  sup- 
porting the  arms  firmly,  sometimes  they  hurry  to  the  window,  again 
they  take  refuge  in  an  armchair. 

The  respiration  is  extremel}'^  labored  and  noisy.  During  both  in- 
spiration and  expiration,  loud  whistling  sounds  are  heard  even  at 
a  distance,  more  loud  and  intense  in  expiration  which  is  considerably 
prolonged  and  is  performed  by  the  aid  of  all  the  available  expiratory 
forces.  In  the  face,  which  is  cyanotic,  are  depicted  the  extreme  hun- 
ger for  air  and  the  despair  of  the  patient.  The  respiration  is  dysp- 
noeal  to  a  high  degree,  but  the  number  of  respirations  is  not  increased, 
on  the  contrary,  usually  diminished.  The  relative  length  of  the  in- 
spiration and  expiration  is  altered.  Inspiration  is  proportionately 
short,  but  deep  and  strong.  The  upper  part  of  the  thorax  is  strongly 
elevated  while  the  lower  part  is  but  little  or  not  at  all  enlarged.  The 
change  of  form  of  the  thorax  is  chiefly  an  increase  upwards.  At  the 
same  time   the   sternomastoids,  the  scaleni,  and  other  muscles  are 

stronglv  contracted.     Expiration  presents  deviations  from  the  normal 
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to  a  much  greater  degree  than  inspiration.  In  contrast  with  inspira- 
tion, which,  as  Bamberger  well  says,  does  not  differ  from  an  ordinary 
powerful  and  somewhat  forced  inspiration,  expiration  is  character- 
ized by  the  most  strenuous  effort.  All  the  accessory  muscles  of 
expiration  are  spasmodically  contracted  and  the  abdominal  muscles 
are  tense  and  hard,  in  consequence  of  which  even  involuntary  passage 
of  urine  and  faeces  may  result.  But  in  spite  of  all  his  exertions  the 
patient  does  not  succeed  in  essentially  diminishing  the  size  of  his 
thorax. 

With  reference  to  the  state  of  the  trachea  it  should  be  mentioned 
that  Stoerk  observed  a  considerable  reddening  of  the  mucous  mem- 
brane of  the  trachea  and  the  bronchi. 

Percussion  during  the  attack*  often  shows  a  considerable  increase 
downwards  of  the  border  of  the  lungs,  diminution  of  the  heart  dul- 
ness,  and  a  low  position  of  the  liver,  while  the  respiratory  movement 
of  the  edges  of  the  lungs  is  much  diminished.  At  the  same  time  the 
character  of  the  percussion  note  is  changed.  It  becomes  hyper- 
sonorous,  a  modification  for  which  Biermer  has  proposed  the  name 
"  box"  or  "  pillow"  tone — for  every  horsehair  pillow  gives  this  note. 
This  change  of  percussion  note,  which  is  the  consequence  of  the  acute 
emphysema,  disappears  at  the  cessation  of  the  attack  and  the  return 
of  the  expanded  lung  to  its  normal  dimensions. 

In  auscultation  the  first  thing  that  attracts  attention  is  that  the 
vesicular  respiratory  murmur  is  heard  in  some  parts  of  the  lung  but 
feebly ;  in  others,  especially  the  lower  parts,  not  at  all.  On  the  other 
hand,  corresponding  to  the  whistling,  which  is  audible  even  at  a  dis- 
tance, sibilant  rales,  denoting  the  stenotic  inspiration  and  expiration 
in  the  smaller  air  tubes,  are  heard  especially  during  expiration.  To- 
wards the  end  of  the  attack  moist  rales  appear  in  the  place  of  these, 
and  at  the  same  time  expectoration  becomes  established.  At  the 
beginning  and  during  the  height  of  the  attack  cough  is  generally  not 
present  or  is  unimportant.  It  becomes  prominent  only  towards  the 
end  of  the  attack  when  the  rales  have  become  moist.  It  is  evident 
that  under  the  given  circumstances  during  the  attack  coughing  as 
well  as  speaking  must  be  in  a  high  degree  burdensome  and  difficult. 

Fever  is  not  a  feature  of  asthma.  If  it  is  exceptionally  observed 
in  the  asthmatic  attack,  its  origin  is  due  not  to  the  asthma  per  se, 
but  to  complications.  On  the  contrary,  a  surprisingly  low  bodily 
temperature  is  not  rarely  observed  during  the  attack,  and  the  periph- 
eral parts  of  the  body  especially  are  not  only  distinctly  cyanosed, 
but  also  remarkably  cool.  It  is  true  that  sometimes  a  febrile  asthma 
is  met  with  in  children,  but  in  them,  as  has  already  been  mentioned, 
asthma  occurs  especialh^  in  the  catarrhal  form,  and  catarrh  alone  in 
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cliililreu  is  sulHcieut  occasioually  to  cause  a  slight  febrile  movement; 
the  superatUled  asthma,  the  teudeuey  to  spasm,  or  whatever  may 
constitute  the  essence  of  asthma,  has  nothing  to  do  with  the  fever. 

The  heart's  action  is,  as  a  rule,  quickened  during  the  attack ;  at 
the  same  time  the  pulse  is  generally  smaller  and  weaker.  But  this 
acceleration  of  the  pulse  is  usually  not  vevy  marked.  It  never  reaches 
so  high  a  degree  as  in  neuroses  of  the  vagus.  Many  of  these  cases, 
as  I  first  pointed  out,  besides  an  extreme  acceleration  of  the  pulse 
present  a  certain  similarity  to  the  asthmatic  attack,  in  that  here  also 
an  often  considerable  emphysema  of  the  lungs  develops  acutely.  But 
they  are  easily  distinguished  from  genuine  asthma  by  the  cjuickened 
respiration,  the  extreme  acceleration  of  the  pulse,  the  absence  of  sibi- 
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Fig.  1.— Curschmann's  Spirals,  Natural  Size. 

lant  rales,  etc.     More  rarely  the  jjulse  in  asthma  is  of  normal  or  even 
subnormal  frequency. 

The  character  of  the  sputum  in  asthma  is  of  especial  interest  and 
of  great  diagnostic  importance.  Most  asthmatics  expectorate  not  at 
all  or  but  sparingly  at  the  beginning  and  during  the  height  of  the 
attack.  Towards  the  end  of  the  attack  there  is  a  somewhat  more 
abundant  expectoration  of  a  generally  viscid,  frothy  mucous  sputum; 
this  expectoration,  as  a  rule,  continues  for  a  time  after  the  attack  has 
ceased.  Leyden  has  the  credit  of  having  first  called  attention  to  the 
especial  peculiarities  of  the  si)utum  of  asthma.  This  sputum  is  of  a 
grayish-white  color,  extremely  viscid,  and  sometimes  quite  frothy. 
Its   amount   varies,  being   sometimes   scanty,  sometimes  abundant, 
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amounting  to  one  liundred  or  even  several  hundred  cubic  centimetres. 
In  this  there  are  found  many  small  whitish-yellow  or  yellow  flakes, 
threads,  and  plugs  in  a  transparent,  almost  glassy,  medium.  Micro- 
scopically, as  Ley  den  first  demonstrated,  these  bodies  consist  of 
closely  aggregated  roundish  cells  in  the  midst  of  which  Leyden's 
asthma  crystals  are  found  in  a  greater  or  less  number.  Besides 
these,  cells  of  cylindrical  ciliated  epithelium  from  the  bronchi  are 
often  met  with.  The  structures  known  under  the  name  of  Cursch- 
mann's  spirals  are  also  found  in  these  plugs,  especially  in  those  of  a 
grayish- white  color.     These  vary  in  form  and  size.     In  many  (Fig.  1) 


Fig.  2.— Spirals  Wound  Round  a  Central  Thread  (after  Curschmauu). 

the  spiral  structure,  in  some  (Fig.  2)  even  the  longitudinal  whitish 
streak  can  be  recognized  macroscopically.  These  thread-shaped  for- 
mations are  of  a  very  firm  consistence,  and  can  hardly  be  crushed 
under  the  cover-glass.  The  spirals  are  abundantly  covered  with 
round  and  spindle  cells  and  alveolar  epithelium,  also  here  and  there 
with  single  ciliated  cells.  The  spirals  are  often  recognizable  by 
the  naked  eye  or  by  means  of  a  magnifying  glass ;  at  other  times  they 
can  be  detected  only  by  microscopical  examination.  In  many  of 
these  spirals  there  is  seen  a  bright  shining  sometimes  much  tangled 
band  of  varying  width,  about  which  threads  are  wound  spirally  (Fig. 
2).     This  central  band  or  thread  is,  as  a  rule,  very  thin,  is  shining 
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and  extends  through  thc^  uxis  of  th(!  sjjirah  It  is  sometimes  found 
isolated,  surrounded  only  by  a  mass  of  mucus.  It  is  colored  intensely 
by  aniline  dyes.  The  S7)irals  vary  greatly  in  form ;  sometimes  they 
are  arranged  regularl}^  about  the  central  thread,  sometimes  they  occur 
irregularly  and  singly. 

In  order  to  determine  the  intimate  nature  of  Curschmann's  spirals, 
Schmidt  has  studied  hardened  and  stained  sections  of  the  sputum. 
Weigert's  method  of  staining  fibrin  proved  to  be  the  best  for  the 
demonstration  of  the  spirals  in  the  sections.  As  for  the  chemical 
constitution  of  these  formations,  since  Schmidt's  investigations, 
there  can  be  no  doubt  that  the  central  threads  of  the  spirals,  at  least 
the  typical  forms  described  by  Curschmann,  consist  of  mucin,  not 
fibrin.  There  has  never  been  any  doubt  as  to  the  mucous  nature  of 
the  spiral  threads.  With  respect  to  composition,  there  is  therefore 
no  difference  between  the  central  threads  and  the  spirals.  Both  con- 
sist of  mucus.  The  central  thread,  as  Huge  has  shown,  consists 
simply  of  a  thickened  and  twisted  thread  of  mucus. 

Here  it  should  be  mentioned  that  spirals  occur  not  only  in  asthma, 
but  also  occasionally  in  other  diseases  of  the  respiratory  tract.  Thus 
thej'  have  been  found,  though  rarely,  in  the  sputum  of  pneumonia,  of 
fibrinous  bronchitis,  and  of  acute  and  chronic  catarrhal  capillary  bron- 
chitis. That  is,  they  appear  to  occur  only  in  such  diseases  as  affect 
the  smaller  bronchi  and  the  bronchioles. 

Opinions  differ  as  to  the  mode  of  formation  of  the  spirals. 
Curschmann,  their  discoverer,  supposes  that  the  central  threads  are 
formed  in  the  finest  bronchioles  and  receive  their  spiral  form  in  their 
passage  into  the  larger  bronchioles  by  being  squeezed  out,  as  it  were, 
through  the  mouths  of  the  finest  bronchioles,  whereby  he  assumes 
that  there  is  a  spirally  shaped  opening  of  the  smaller  into  the  larger 
bronchioles.  On  the  other  hand.  Pel  thinks  that  the  chief  factor  is 
the  passage  of  a  viscid  elastic  mass  through  a  very  narrow  canal  (the 
bronchioles)  under  the  influence  of  the  ciliated  cells  and  the  irregular 
contraction  of  the  muscles  of  the  bronchi  and  of  the  diaphragm. 
Lewy  regards  the  central  thread  as  a  product  of  the  secretion  of  the 
mucous  cells. 

Schmidt  had  an  opportunity  of  studying  the  mode  of  forma- 
tion of  the  spirals  in  a  case  of  asthma  in  which  death  occurred 
during  the  attack.  In  both  upper  lobes  nearly  all  the  bronchi 
of  a  diameter  of  from  1  to  3  mm.  were  completely  filled  with 
a  tough  glassy  mucus,  while  in  the  lower  lobes  the  majority  of  the 
bronchi  were  free.  This  mucus  adhered  \evy  firmly  to  the  walls; 
when  pulled  out  from  the  lumen  the  whole  mass  seemed  twisted. 
Typical   Curschmann's   spirals   with   central  threads   were   demon- 
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strated  microscopially  in  these  masses  of  mucus.  On  microscopical 
examination  of  the  liarclened  lung  it  appeared  that  most  of  the 
smaller  bronchi,  the  epithelium  of  which  was  well  preserved,  were 
dilated  and  filled  wdth  a  homogeneous  mass  consisting  mainly  of 
mucus.  In  these  masses  there  were  found  the  most  various  sections 
of  spirals.  In  the  larger  bronchi  of  the  second  order  every  possible 
form  of  transition  from  the  typical  spirals  w^as  present,  but  those 
from  the  bronchi  of  the  first  order  were  less  perfect.  It  could  be 
demonstrated  that  the  actively  secreting  glandular  cells  differed  in 
no  way  from  those  of  other  mucous  membranes,  and  that  the  contents 
of  their  ducts  showed  nowhere  a  peculiar  consistence  or  twisting. 
Moreover,  typical  central  threads  were  present  even  in  the  smaller 
glandless  bronchi.  Schmidt  believes  therefore  that  the  view  that  the 
central  threads  are  a  product  of  secretion  of  the  mucous  glands  is  not 
tenable.  With  respect  to  the  mode  of  formation  of  the  spirals,  it 
must  be  regarded  as  probable  theoretically  that  the  force  which  causes 
this  twisting  is  not  confined  to  one  distinct  spot,  but  is  active  through- 
out the  entire  passage  of  the  bronchial  contents  as  far  as  to  the  larger 
bronchi.  Schmidt  supposes  that  it  is  the  rotary  motion  of  the  ex- 
pired air  which  forces  its  way  through  and  twists  the  viscid  masses 
of  mucus  in  the  bronchi. 

It  is  clear  that  the  fundamental  condition  for  the  production  of  the 
spiral  twisting  is  the  viscidity  of  the  sputum.  In  my  opinion  Hof- 
mann  is  right  when  he  supposes  that  the  terminal  twigs  of  the  entire 
bronchial  tree  end  in  spirals.  At  every  inspiration  the  bronchi  must 
foUow  the  inspiratory  enlargement  of  the  lungs.  As  Hofmann  was 
able  to  demonstrate  by  a  metal  cast,  the  larger  branches  of  the  bron- 
chial tree  pursue  this  corkscrew-like  course,  and  we  may  well  assume 
that  it  is  continued  into  the  finest  ramifications.  But  if  a  viscid  mass 
is  pressed  through  a  fine  tube  of  such  a  shape  it  must  become  spirally 
twisted.  Hofmann  therefore  believes  that  the  formation  of  spirals  is 
to  be  explained  on  the  one  hand  by  the  anatomical  structure,  on  the 
other  by  the  viscidity  of  the  mucus. 

A  peculiar  form  is  that  of  spirals  which  contain  air  (Fig.  3). 
They  were  also  depicted  by  Curshmann,  and  are  found  with  the 
others. 

The  much-discussed  question  as  to  the  occurrence  of  fibrinous 
coagula  in  the  sputum  of  asthma  has  hardly  been  capable  of  receiv- 
ing a  positive  answer  by  means  of  the  methods  of  investigation 
hitherto  employed.  But  by  means  of  Weigert's  method  and  the  use 
of  the  tri-acid  stain  Schmidt  succeeded  in  demonstrating  more  or  less 
numerous  coagula  of  fibrin  in  the  sputum  of  six  out  of  eight  cases  of 
asthma.     But  these  coagula  were  always  clearly  disinguishable  from 
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the  spirals  wliic-li  were  also  present.  As  Curschmami  claimed,  the 
fibrinous  casts  have  manifestly  nothing  in  common  with  the  spirals. 

Eosinophile  cells  are  found  in  the  sputum  of  asthma,  as  w^ell  as  in 
the  fibrinous  coagula,  and  Schmidt  has  also  demonstrated  the  pres- 
ence of  granular  cells  [JlasfzeUen)  in  small  numbers. 

With  resi^ect  to  the  origin  of  Lfeyden's  crystals,  it  must  be  sup- 
posed that  a  substance  is  present  in  the  sputum  which  can  pass  into 
this  crystalline  state.  The  theory  was  first  announced  by  Gollasch 
that  Leyden's  crystals  are  crystalline  derivatives  of  the  eosinophile 
cells.     Seifert's  investigations   support  this  view.     On   histological 


Fig.  3.— Air-Containing  Spirals.     (After  Cureclimann.) 

examination  of  portions  of  the  nasal  tissues  from  which,  after  some 
hours  in  the  moist  chamber,  numerous  crystals  were  formed,  great 
numbers  of  eosinophile  cells  were  found;  while  conversely,  in  por- 
tions of  tissues  in  which  no  crystals  were  formed  in  the  moist 
chamber,  onh-  a  few  eosinophile  cells  were  present. 

The  number  of  Leyden's  crystals  in  the  sputum  of  asthmatic 
patients  varies  greatly ;  on  some  days  they  may  be  entirely  absent. 
The  investigations  of  Seifert  have  shown  that  the  crystals  occur  most 
abundantly  in  the  sputum  when  the  expectoration  during  the  presence 
of  an  asthmatic  catarrh  becomes  much  diminished.  It  was  further 
shown  that  in  sputum  with  large  numbers  of  eosinophile  cells  but 
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no  crystals,  just  as  in  mucous  polypi  after  standing  for  some  hours 
in  tlie  moist  chamber,  Leyclen's  crystals  formed  after  an  interval 
varying  from  a  few  hours  to  one  and  a  half  days.  Eepeated  exami- 
nations of  such  sjjutum  revealed  hardly  a  single  well-preserved  cell 
with  eosinophile  granules,  but  showed  large  numbers  of  the  granules 
lying  free. 

As  is  well  known,  the  Charcot-Leyden  crystals  have  often  been 
regarded  as  identical  with  Bottcher's  spermatic  crystals.  As  Cohn 
has  shown,  this  is  incorrect.  With  trifling  variations  the  Charcot- 
Leyden  crystals  always  have  the  same  form.  Their  chief  form  is 
that  of  a  long  double  pyramid  with  straight  edges  and  sharp  corners. 
Bottcher's  crystals  present  only  a  superficial  physical  resemblance  to 
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Fig.  4.— Ley  den -Charcot  Crystals.     X 


(After  Leyden.) 


them ;  from  a  crystallographical  jjoint  of  view  they  are  quite  distinct. 
Leyden's  crystals  (Fig.  4),  which  are  identical  with  Charcot's  crystals 
from  leuksemic  blood,  are  completely  colorless,  easily  crushed,  and  of 
widely  varying  size,  in  general  appearing  to  be  larger  when  the  attack 
of  asthma  has  been  of  long  duration.  They  are  easily  recognizable 
only  with  a  high  power,  preferably  an  immersion  lens.  If  the  sputum 
of  asthma  is  kept  in  a  moist  chamber  it  is  often  possible  to  see  a 
remarkable  increase  in  size  of  the  crystals. 

In  the  sputum  these  crystals  are  chiefly  found  in  yellow  or  green- 
ish-yellow threads  and  flakes.  These  yellowish  flakes  and  plugs  are 
distinguished  from  the  common  purulent  constituents  of  the  sputum 
in  that  they  are  not  symmetrically  round  but  have  a  very  irregular 
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surface  and  au  extremely  tough  consistence,  so  that  it  is  often 
difficult  to  spread  them  out  under  the  cover-glass.  Their  appearance 
under  the  microscope  is  that  alreadj^  described  by  Leyden.  Closely 
packed  roundish  cells,  of  the  size  of  a  large  mucous  corpuscle,  are 
seen  filled  with  numerous  dark  granules;  similar  granules  lie  free 
among  these  cells,  and.  in  the  midst  of  this  accumulation  of  round 
cells  are  the  crystals. 

While  on  the  one  hand  spirals  without  crystals,  and  on  the  other 
aggregations  of  crystals  without  spirals  are  met  with,  cases  also  occur 
in  which  the  spirals  themselves  are  covered  with  crystals.  Such 
flakes  have  a  yellowish  appearance,  those  which  contain  only  spirals 
being  gray.  The  same  aggregations  of  round  cells  which  Leyden 
described  as  containing  the  crystals  are  seen  to  surround  and  cover 
the  spirals. 

As  for  the  significance  of  Leyden's  crystals,  an  important  role 
must  be  ascribed  to  them  in  view  of  their  almost  constant  occurrence 
in  asthma.  Single  negative  results  in  the  search  for  them  are  of  the 
less  weight  because  there  are  very  minute  forms  which  might  easilj^ 
be  overlooked,  and  because  they  are  not  always  present  in  abundance 
during  all  parts  of  the  attack.  Another  question,  and  one  that  is  still 
open,  is  what  their  role  is,  whether,  as  Lej^den  thought,  they  excite 
the  spasm  of  the  bronchial  muscles,  or  whether  they  are  secondary 
products.  We  shall  return  to  this  question  when  considering  the 
theories  of  asthma.  Whatever  part  ihej  may  play,  it  is  certain  that 
they  are  directlj'  and  closely  related  to  asthma. 

Besides  these  crj^stals,  Lewy  also  occasionally  found  crystals  and 
amorphous  masses  of  phosphate  of  lime  in  the  sputum  of  asthma. 
These  are  of  no  especial  importance,  but  may  perhaps  givp  rise  to 
confusion,  since  the  thin  spindle-shaped  needles  in  which  calcium 
phosphate  sometimes  is  found  are  quite  similar  in  ai^pearance  to 
Leyden's  crj^stals.  Von  Noorden  also  found  in  the  sputum  of  asthma, 
cells  containing  yellow  and  brown  masses  of  pigment.  The  addition 
of  hydrochloric  acid  and  ferrocyanide  of  potassium  produced  a  blue 
color,  showing  that  the  cells  contained  iron  (hgemosiderin  cells). 
Examination  of  these  cells  showed  that  a  part,  almost  half  of  them, 
were  leucocytes ;  a  small  number  of  cells  contained  eosinophile  gran- 
ules, but  the  great  majoritj-  of  the  abundant  eosinophile  cells  were 
devoid  of  pigment ;  about  one-half  of  the  cells  were  recognized  to  be 
epithelium.  These  pigment  cells  were,  for  the  most  part,  crowded 
together  in  masses  in  the  sputum.  As  for  the  origin  of  the  pigment, 
it  is  well  known  that  not  very  rarely  minute  traces  of  blood  are 
present  in  the  sputum  of  asthma.  Such  hemorrhages  von  Noorden 
regards,  I  think  correctly,  as  the  source  of  the  haemosiderin  pigment, 
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iu  which  case  it  is  apparent  why  the  hsemosiderin  cells  are  sometimes 
present  and  sometimes  absent. 

There  is  little  to  be  said  concerning  the  other  symptoms  of  the 
asthmatic  attack.  The  general  health  is  as  a  rule  much  disturbed  at 
the  time  of  the  attack.  The  patient  feels  extremely  weak.  The  con- 
sciousness is  usually  in  no  way  affected,  but  rarely  the  patient 
appears  somewhat  stupid.  Quite  exceptionally  indications  of  opis- 
thotonus and  tetanic  spasms  are  observed,  such  cases  reminding  us 
of  the  already  mentioned  relations  between  asthma  and  other  nervous 
affections  like  epilepsy. 

Headaches  and  other  neuralgic  pains,  especially  in  the  distribu- 
tion of  the  supraorbital  nerve,  may  occur  at  the  same  time  as  asthma. 
Tliey  are  most  frequently  observed  in  the  nasal  forms  of  the  disease, 
especially  in  hay  asthma.  Here  neuralgias  and  asthmatic  attacks 
sometimes  alternate. 

The  urine  presents  no  characteristic  peculiarities.  Sometimes  in 
very  severe  attacks  there  is  strangury  or  even  the  involuntary  passage 
of  urine.  The  urine  is  generally  concentrated  during  the  attack  and 
frequently  deposits  a  sediment  of  chlorides. 

After  the  attack  the  patient  feels  wearied  and  exhausted,  but  soon 
regains  his  usual  health.  This  is  true,  of  course,  only  of  cases  in 
which  the  attacks  are  sejjarated  by  a  considerable  interval  and  in 
which  complications  and  sequelae  are  not  present. 

There  are  the  greatest  variations  in  the  frequency  of  the  attacks. 
In  some  cases  for  a  long  time  they  return  only  after  great  intervals, 
in  others  they  are  from  the  beginning  very  violent  and  frequent,  in 
still  others  they  recur  quite  regularly.  Sometimes  they  increase 
suddenly  in  frequency  without  any  demonstrable  cause,  sometimes 
they  disappear  suddenly  for  a  long  time  without  any  apparent  reason. 

The  health  of  the  patient  between  the  attacks  depends  of  course 
upon  the  presence  or  absence  of  complications  or  sequelae  of  the 
asthma.  They  often  suffer  in  the  intervals  with  bronchitic  symptoms. 
After  long  duration  of  the  disease  the  acute  pulmonary  distention, 
which  always  recurs  during  the  attacks,  passes  into  genuine  emphy- 
sema, and  the  elasticity  of  the  lungs  suffers.  In  this  stage  the 
patient  is  not  completely  free  from  suffering  even  iu  the  intervals. 
He  suffers  constantly  from  shortness  of  breath,  at  least  on  active  ex- 
ertion, also  from  frequent  cough. 

On  the  other  hand,  there  are  also  cases  iu  which  the  asthma  super- 
venes secondarily  upon  a  bronchitis  of  long  standing  with  or  without 
simultaneous  emphysema.  Under  these  circumstances  it  is  not 
strange  that  the  patients  do  not  feel  entirely  well  between  the  attacks, 
and  that  they  suffer  constantly  from  a  generally  slight  shortness  of 
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bioatli.  With  regard  to  the  heart,  it  is  the  rule  that  it  remains  intact 
in  gemiiue  asthma.  Only  when  the  asthma  has  histed  tor  years  and 
when  sofondury  enipliysenia  and  chronic  bronchitis  have  deveh)])ed, 
do  we  find  signs  of  heart  weakness,  cyanosis,  dihitation  of  tlie  right 
heart,  and  tinally  cardiac  insufficiency  and  even  dropsy.  In  this 
stage  the  attacks,  as  a  rule,  almost  or  quite  disa])pear. 

The  digestive  organs  in  purely  nervous  asthma  are  not  jjarticu- 
larly  aifected.  Although  a  few  authors  state  that  constipation  and  a 
tendency  to  tlatuleuce  are  present  in  the  asthmatic  patient,  yet  these 
s\  iu[)toms  can  hardly  be  brought  into  direct  connection  with  the 
asthma.  It  appears  to  be  a  i)urel3^  arbitrary  hypothesis  to  explain 
this  tendency  to  constipation  by  the  deficient  energy  of  the  exjnratory 
muscles.  Since  the  expiratory  muscles  are  called  more  strong]}-  into 
play  by  the  attacks,  we  should  exjject,  on  the  contrary,  that  they 
would  act  more  efficientlj'.  That  constipation  is  sometimes  met  with 
in  asthma  is  not  strange,  but  it  cannot  be  regarded  as  of  especially 
frequent  occurrence.  The  assertion  that  dilatation  of  the  stomach 
is  a  consequence  of  asthma  seems  even  more  unreasonable.  Among 
thousands  of  cases  of  gastric  dilatation  I  have  not  seen  a  single  one 
in  which  that  disease  could  be  connected  with  asthma. 

With  regard  to  the  blood,  it  should  be  remarked  that  an  increase 
of  the  eosinophile  cells  has  been  found  in  the  blood  of  asthma 
patients  by  various  authors  (MuUer,  Gabritschewsky,  von  Noorden, 
and  others).  In  five  cases  of  asthma,  von  Noorden  found  the  eosino- 
phile cells  increased  at  the  time  of  the  attacks,  i.e.,  they  amounted  to 
ten  per  cent,  or  more  of  the  white  blood  corpuscles.  He  believes, 
therefore,  that  a  certain  relation  between  the  percentage  of  eosino- 
phile cells  and  the  occurrence  of  the  asthmatic  attacks  is  probable. 
By  other  authors,  as,  for  example,  Seifert,  such  an  increase  could 
not  be  demonstrated.  In  one  case  the  latter  found  the  percentage  of 
eosinophile  cells  among  the  leucocytes  to  be  not  more  than  two,  in 
another  not  quite  three.  But  this  question  needs  further  investi- 
gation. 

Complications,  Terminations,  ant)  Prognosis. 

Asthma  may  be  complicated  by  various  other  affections,  or  it  may 
run  its  course  quite  independently.  The  most  frequent  complication 
is  bronchitis.  During  the  existence  of  an  acute  bronchitis  asthma 
often  disappears  temporarily,  as  is  often  observed  when  asthmatic 
patients  are  attacked  by  an  acute  febrile  disease.  But  chronic  bron- 
chitis often  remains  as  a  sequel  and  residuum  of  asthma.  Experience 
shows  that  complications  of  asthma  by  tuberculosis  are  extremely 
rare,  but  the  one  does  not  absolutely  exclude  the  other.     Of  course, 
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we  do  not  at  once  think  of  astlima  if  a  tuberculous  patient  has  attacks 
of  dyspnoea.  Dyspnoeal  and  asthmatic  attacks  are  two  different 
things.  Bongelmann  reports  the  case  of  a  woman  ^vith  tiiberculosis 
who  suddenly  had  asthmatic  attacks,  w^hich  ceased  at  once  after  she 
had  coughed  up  a  caseated  gland.  In  this  case  I  do  not  think  it 
correct  to  speak  of  asthmatic  attacks,  and  the  expression  "  pseudo- 
asthmatic  attacks"  should  also  not  be  used.  They  may  have  been 
attacks  of  dyspnoea,  they  certainly  were  not  asthma. 

Of  other  complications  gout  is  especially  to  be  mentioned.  Ar- 
thritic and  asthmatic  attacks  may  alternate,  or  gout  to  a  certain 
extent  may  take  the  place  of  asthma.  In  general,  however,  the  com- 
plication of  asthma  by  gout  is  rare.  See  found  only  fourteen 
arthiitics  in  three  hundred  and  seventy  asthmatics;  Lecorche,  live 
asthmatics  among  one  hundred  and  fifty  arthritics.  The  relations  of 
skin  diseases  and  of  epilepsy  to  asthma  have  already  been  noticed. 
Neuralgias  of  various  kinds  may  sometimes  alternate  with  asthma. 

The  course  of  asthma  can  never  be  certainly  predicted.  Apparent 
cures  are  often  seen.  The  attacks  may  cease  for  years  and  subse- 
quently recur.  Especiallj-  in  nasal  asthma  after  local  treatment  of 
the  nose  a  frequently  long-continued  cessation  of  the  attacks  has  been 
observed,  yet  often  enough  they  finally  recur.  This  should  not 
seem  strange,  for  the  cure  of  the  nasal  afi^ection  removed  the  ex- 
citing cause,  not  the  predisposition  to  asthma.  The  favorable  influ- 
ence of  a  change  of  residence  is  often  observed.  In  other  cases  the 
attacks  grow  gradually  weaker  spontaneously  and  finally  disappear 
without  our  being  able  to  say  what  factor  has  really  effected  the 
cure.  The  attack  itself,  however  severe  it  may  appear,  ends  favor- 
ably as  a  rule.  Danger  lies  in  the  frequency  of  the  attacks  and  the 
resulting  exhaustion,  but  above  all  in  the  secondary  consequences, 
especially  the  secondary  pulmonary  emphysema  which  is  a  not  rare 
sequel  of  asthma.  As  a  result  of  this,  the  well-known  lesions  of 
emphysema,  secondary  dilatation  of  the  right  heart,  secondary 
changes  in  the  kidneys,  dropsy,  etc.,  develop. 

It  is  much  more  uncommon  for  asthma  to  be  associated  second- 
arily with  pulmonary  emphysema.  It  is  true  that  in  the  latter  disease 
the  term  "  asthma"  is  often  employed,  especially  by  the  patients,  to 
designate  an  occasional  increase  in  their  shortness  of  breath,  but  this 
is  rarely  true  asthma,  but  only  a  temporary  dyspnoea  which  finds  its 
cause  and  explanation  now  in  an  exacerbation  of  the  cataiTh,  again 
in  a  transitory  weakness  of  the  heart,  etc. 

Chronic  bronchial  catarrh  is  also  not  an  infrequent  result  of 
repeated  violent  asthmatic  attacks.  Bronchiectasis  and  putrid  bron- 
chitis  are  also,  according  to  Leyden,  not  rare  sequelae  of  asthma. 
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The  frequent  irritation  of  the  bronchi  1)\'  the  secretion  of  asthma 
leads,  he  thinks,  to  reactive  catarrhs  and  even  to  dilatation  of  the 
bronchi.  As  a  result  of  infection  with  the  germs  of  i)utrefaction 
I)ntiid  bronchitis  may  develop,  but  the  latter  is  not  usually  very  ob- 
stinate and  yields,  generally  in  a  short  time,  to  suitable  treatment. 

Cures  of  asthma  are  fre([uent.  But  we  can  hardly  fix  positively 
the  point  at  which  we  shall  begin  to  si)eak  of  a  cure,  for  the  attacks 
may  return  after  a  cessation  of  years.  Asthma  is  generally  very 
obstinate.  Of  prognostic  imi:)oi"tance  are  the  exciting  cause,  the 
duration  of  the  attacks,  the  time  of  their  commencement,  and  the  age 
of  the  patient.  In  earh'  youth  cures  are  not  infrequently  observed. 
"When  the  disease  has  lasted  beyond  the  foi-tieth  or  forty-fifth  year 
permanent  seciuehe  are  probable.  In  general  the  prospect  of  cure  is 
inversely  as  the  duration  of  the  disease.  Complete  cure  is  only  to 
be  expected  when  the  respiratory  and  circulatory  organs  are  quite 
intact.  It  is  favorable  for  the  prognosis  if  the  attacks  gradually 
diminish  in  frequency  and  intensity,  especially  if  the  patient  is 
young.  The  causative  factor  is,  above  all,  decisive  in  the  prognosis. 
Many  attacks  are  only  excited  by  quite  definite  causes,  certain  kinds 
of  dust  or  certain  odors.     The  prognosis  of  such  cases  is  favorable. 

Mental  infiuences  also  play  an  imi^ortant  part  not  only  in  exciting 
but  in  withstanding  the  attacks.  Implicit  confidence  of  the  patient 
in  his  physician  is,  in  many  cases,  an  important  condition  of  cure. 

The  Xatuee  of  Asth:\ia. 

No  final  answer  can  be  given,  even  to-day,  to  the  question  as  to 
the  nature  of  asthma.  Yet,  in  general,  it  is  agreed  that  it  consists 
essentially  in  spasmodic  conditions  within  the  respiratory  apparatus, 
excited  through  nervous  influences,  although  opinions  still  difi"er  as 
to  what  portions  of  the  respiratory  organs  are  immediately  attacked 
by  this  spasm.  But  besides  this  a  series  of  questions  still  remains 
unsettled,  such  as  that  of  the  significance  of  Leyden's  crystals  and 
Curschmann's  spirals. 

We  may  pass  by  many  theories,  since  they  date  from  a  time  in 
which  the  term  "  asthma"  was  applied  much  more  widely  than  it  is  to- 
day. Thus  the  view  advanced  by  Sanderson  that  asthma  is  due  to  a 
paralysis  of  the  muscles  which  open  the  glottis  niust  seem  at  once 
inadmissible  to  every  one  who  is  familiar  clinically  with  the  symp- 
tomatology of  asthma.  Paralysis  of  the  dilators  of  the  glottis  has 
not  a  single  symptom  in  common  with  asthma.  The  view  first  sug- 
gested by  Bean,  which  reai)pears  from  time  to  time,  that  asthma  is 
simi)ly  a  bronchitic  dyspnoea  also  need  not  be  discussed.     If  I  ex- 
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pend  a  few  words  upon  it,  I  do  so  because  of  the  recent  publications 
of  Ungar,  who,  as  the  result  of  his  very  careful  examinations  of  the 
sputum,  has  accepted  this  theory  and  believes  that  asthma  should  be 
regarded  simply  as  the  consequence  of  impermeability  of  the  bronchi 
caused  by  changes  in  the  mucous  membrane  and  by  the  products  of 
such  changes,  the  spirals,  and  that  it  is  therefore  merelj^  a  manifes- 
tation of  obstruction.  In  reply  to  this,  I  can  only  repeat  the  objec- 
tion which  I  raised  against  this  view  years  ago,  namely,  that  the 
blocking  of  a  greater  part  of  the  lumen  of  the  bronchi  by  a  gradually 
progressive  swelling  of  the  mucous  membrane  and  by  the  accumula- 
tion of  secretion  may  indeed  cause  dyspnoea,  but  can  never  alone  pro- 
duce the  characteristic  features  of  the  asthmatic  attack.  The  rapid 
onset  of  the  attack,  the  sudden  occurrence  of  the  most  extreme  dysp- 
noea, and  the  often  equally  rapid  cessation  of  the  paroxysm  lead  us 
involuntarily  to  think  of  a  nervous  influence  and  of  a  spasmodic  proc- 
ess. The  fact,  too,  that  the  attacks  are  often  excited  suddenly 
through  simply  nei'vous  influence,  through  psychical  emotion,  is 
hardly  consistent  with  the  supposition  of  an  acute  catarrh  of  the 
finer  bronchi. 

There  are  essentially^  three  theories  which  have  been  adopted  to 
explain  the  phenomena  of  the  asthmatic  attack. 

The  first  theory  is  that  in  the  asthmatic  attack  there  is  a  swelling 
of  the  bronchial  mucous  membrane  in  consequence  of  dilatation  of  its 
blood-vessels  by  the  vasomotor  nerves  (Weber,  Stork).  The  second 
theory  assumes  a  spasm  of  the  diaphragm  and  perhaps  of  other  in- 
spiratory muscles.  The  third  theory  explains  the  phenomena  of  the 
asthmatic  attack  chiefly  hj  a  spasm  of  the  bronchial  muscles.  Others 
again  assume  besides  the  spasmodic  element  simultaneous  vasodilator 
processes  in  the  smaller  bronchi.  Curschmann  assumes  for  most,  if 
not  all,  of  the  cases  a  definite  disease  of  the  bronchial  mucous  mem- 
brane, the  so-called  bronchiolitis  exudativa,  as  the  primary  affection, 
which  secondarily  causes  the  bronchial  spasm.  Leyden,  who  also 
supports  the  theory  of  bronchial  spasm,  sees  in  the  characteristic 
secretion  first  described  by  him  the  explanation  of  the  mode  of  action 
of  the  bronchial  spasm,  which,  according  to  him,  occurs  only  in  such 
bronchi  as  are  choked  by  the  viscid  secretion. 

The  first  of  these  theories,  that  a  swelling  of  the  mucous  mem- 
brane and  an  abnormal  secretion  into  the  finer  bronchi  are  caused 
reflexly  through  the  influence  of  the  vasomotor  nerves,  and  that  by 
this  alone  the  phenomena  of  the  attack  are  explained,  has  certainly 
much  that  is  attractive.  It  explains  many  but,  as  it  seems  to  me, 
not  all  the  phenomena.  It  may  explain  the  sibilant  rales,  the  secre- 
tion  of  the  bronchial  mucous  membrane,  the  expiratory  dyspnoea, 
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and  perhaps  eveu,  to  a  certain  extent,  the  depressed  situation  of  the 
diaphragm,  but  it  cannot  explain  the  sudden  onset  nor  the  sudden 
disapi)earau(.'e  of  the  attacks.  I  cannot  agree  fully  with  Einthoven, 
who  rejects  this  theory  because  experiments  upon  animals  showed  that 
disturbances  of  the  circulation,  and  even  sudden  and  great  changes  in 
the  blood  pressure,  produced  no,  or  only  slight  mechanical  im])edi- 
ments  to  respiration ;  it  is  certain  that  the  secretion  of  the  bronchial 
mucous  membrane  also  i)lays  a  certain  part  in  man.  The  i)rompt 
effect  of  narcotics  does  not  harmonize  with  the  supposition  that  an 
impediment  of  the  breathing  due  to  the  action  of  the  vasomotor  nerves 
is  the  only  cause  of  the  dysimoea.  That  in  certain  forms  of  asthma 
vasomotor  changes,  vascular  hyperemia,  and  swelling  of  the  mucous 
membrane  play  a  not  unessential  part  is  shown,  for  example,  by  hay 
asthma  which  generally  begins  with  coryza  and  other  phenomena  of 
irritation,  as  well  as  by  many  other  forms,  especially  nasal  asthma. 
These  symptoms  alone  do  not  constitute  asthma,  yet  it  is  easy  to  see 
that  processes  similar  to  those  in  the  nose  may  play  a  part  upon  the 
bronchial  mucous  membrane  in  asthma.  But  of  course  such  a  swell- 
ing of  the  mucous  membrane  of  the  smaller  bronchi  and  of  the  bron- 
chioles, even  if  it  be  extreme,  does  not  suffice  in  itself  to  produce  the 
complexus  of  asthmatic  symx)toms. 

This  second  factor,  which  is  necessarj^  to  complete  the  picture  of 
asthma,  some  have  sought  in  a  spasm  of  the  bronchial  muscles,  others 
in  a  spasm  of  the  diaphragm.  Before  I  enter  upon  the  question 
whether  the  spasm  is  of  the  bronchi  or  of  the  diaphragm,  I  would 
emphasize  the  point  that  the  almost  constant  presence  of  a  peculiar 
secretion,  which  has  been  proved  by  Leyden  and  Curschmann,  should 
receive  attention  in  constructing  the  theory  of  asthma.  It  may  be 
disputed  whether  the  bronchiolitis  exudativa,  as  Curschmann  has 
named  it,  represents  simply  a  predisposing  factor,  or  whether,  as 
many  others  think,  it  is  a  coincident  or  secondary  process ;  one  of 
these  two  roles  must  be  conceded  to  it.  That  the  bronchiolitis  exu- 
dativa alone  is  not  sufficient  to  produce  typical  asthma  has  been 
thoroughly  demonstrated  by  Curschmann  himself.  He  has  expressly 
insisted  that  the  bronchiolitis  is  not  to  be  regarded  as  identical  with 
asthma,  but  only  as  an  affection  which  causes  it  with  especial  fre- 
quency, indeed  almost  constantly.  On  the  other  hand,  it  has  been 
found  that  Curschmann's  spirals  and  Le.yden's  crystals  are  found 
also  in  cases  which  are  decidedly  to  be  regarded  as  instances  of 
nasal  asthma,  and  that  in  these  cases,  if  the  asthma  is  cured  by 
treatment  of  the  nose,  the  sputum  subsequent!}'  disappears  and  with 
it  also  the  spirals  and  crystals.  Many  are  therefore  inclined  to 
regard  the   peculiar  sputum  of  asthma  only  as  a  consequence  or 
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accompaniment  of  that  disease.  According  to  tliis  view  the  "  spiral 
broncliiolitis"  does  not  play  the  part  of  a  predisposing  or  exciting 
cause,  but  is  simply  an  important  symptom  which  belongs  directly  to 
the  disease  itself. 

With  respect  to  the  spasmodic  element  of  the  asthmatic  attack, 
the  defenders  of  the  theory  of  sj)asm  of  the  bronchial  muscles,  which 
has  been  maintained  especially  by  Biermer,  start  with  the  assumption 
that  the  office  of  the  bronchial  circular  muscles  is  to  diminish  the 
lumen  of  the  bronchi.  If  this  is  correct — and  there  is  no  reason  for 
thinking  otherwise — we  must  ascribe  to  the  bronchial  muscles  an 
expiratory  action  in  the  sense  that  they  assist  the  elastic  fibres  of  the 
lungs  in  their  resistance  to  the  negative  pressure  of  inspiration,  that 
they  therefore  are  in  this  sense  antagonists  of  the  inspiratory  mus- 
cles. 

Attempts  have  been  made  to  investigate  experimentally  the  func- 
tion of  the  bronchial  muscles.  By  stimulation  of  the  vagi  contraction 
of  these  muscles  has  been  induced,  but  the  increase  in  pressure  thus 
caused  was  so  surjn^isingly  small,  as  my  experiments  showed,  that 
no  certain  support  could  be  gained  for  the  theory  by  the  experiments. 
I  never  succeeded  by  means  of  direct  stimulation  of  the  vagi  in  pro- 
ducing such  a  contraction  of  the  bronchi  as  would  seem  necessary  to 
explain  the  emphysema  of  the  lung.  Yet  it  appeared  that  stimula- 
tion of  the  vagi  did  cause  a  pulmonary  emphysema,  if  not  directly, 
then  indirectly  by  the  way  of  a  reflex  stimulation  of  the  phrenic  nerve. 
Although  I  had  always  been  inclined  to  favor  the  theory  of  bronchial 
spasm  and  had  formerly  supported  it,  yet  at  one  time  because  of  these 
experimental  results  I  felt  compelled  to  say  that  no  support  for  the 
theory  of  bronchial  sp)asm  had  been  derived  from  the  results  of  phy- 
siological experiments,  which  spoke  rather  in  favor  of  sx^asm  of  the 
diaphragm.  I  am  happy  to  be  able  to  say  to-day  that  the  gap  which 
was  still  left  after  my  experiments  and  those  of  earlier  investigators 
has  now  been  filled.  I  by  no  means  underestimate  the  importance 
in  this  direction  of  the  objections  which  have  been  raised,  especially 
by  Biermer,  against  the  theory  of  spasm  of  the  diaphragm,  but  they 
were  only  theoretical  objections,  and  were  seemingly  opposed  by  the 
results  of  experiment. 

But  since  then  Einthoven,  by  means  of  experiments  by  a  new 
method  which  are  not  open  to  criticism,  has  shown  directly  the  pow- 
erful action  of  the  bronchial  muscles.  The  new  method  which  Ein- 
thoven pursued  in  his  investigations  is  as  follows :  A  constant 
volume  of  air  is  blown  into  the  lungs  by  a  syringe,  the  piston  of 
which  is  moved  up  and  down  by  the  eccentiic  of  a  wheel  turned  at  a 
regular  speed.     The  inti-apulmonary  pressure  is  measured  simulta- 
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neously  by  a  resisting  manometer,  which  by  means  of  an  especial 
mechanism  comes  into  free  connection  with  the  kings  only  for  a 
moment  at  a  time  during  a  definite  period  of  respiration.  With  this 
apparatus  a  narrowing  of  the  bronchi  must  manifest  itself  by  an 
increase  in  the  resistance  to  be  overcome  by  the  blown-in  air,  and  the 
measuring  manometer  must  consequently  register  by  its  float  an  in- 
crease of  pressure.  This  ingenious  apparatus,  as  the  curves  which 
it  produced  show,  gave  accurate  and  unmistakable  results,  with 
respect  to  the  narrowing  of  the  bronchi  through  stimulation  of 
the  peripheral  ends  of  the  vagus,  which  were  surprising.  By  stimu- 
lating the  vagus  Einthoven  succeeded  in  obtaining  an  increase  in 
respiratory  pressure  of  more  than  120  mm.  of  water,  and  by  poisoning 
the  animal  with  carbonic  acid  gas,  one  of  more  than  175  mm.  of  water. 
By  this  it  appears  to  me  that  the  former  objections  to  the  theory  of 
bronchial  spasm  are  removed. 

That  by  a  spasm  of  the  bronchial  muscles,  especially  if  we  sup- 
pose certain  changes  also  in  the  mucous  membrane,  all  the  phenom- 
ena of  the  asthmatic  attack  can  be  satisfactorily  explained  is  no 
longer  to  be  doubted  after  these  experiments.  The  development  of 
an  acute  pulmonary  emphysema,  which  we  constantly  find  in  the 
asthmatic  attack,  presupposes  a  strengthened  inspiration  and  an 
impeded  expiration,  especially  the  latter.  Such  an  emphysema 
occurs  when  obstacles  are  present  in  the  smaller  air  passages,  which 
are  more  easily  overcome  in  inspiration  than  in  expiration.  The 
patient  then  di'aws  in  during  inspiration  more  air  than  can  escape 
during  expiration,  and  the  lung  must  therefore  become  distended. 
But  the  spasm  of  the  unstriped  muscular  fibres  of  the  bronchi  must 
present  such  an  obstacle,  and  thus  are  satisfactorily  explained  the 
acute  pulmonarj^  emphysema  and  the  preponderatingly  expiratory 
dyspnoea  of  the  asthmatic. 

The  sibilant  rales  of  the  asthmatic  attack  point  unmistakably  to 
obstacles  in  the  smaller  bronchi.  They  cannot  be  caused  by  a  spasm 
of  the  diaphragm ;  for  their  explanation  we  must  suppose  local  im- 
pediments to  the  movement  of  air  in  the  smaller  bronchi.  These 
might  occur  in  a  bronchial  spasm  or  in  catarrhal  fluxions  or  swollen 
states  of  the  bronchial  mucous  membrane.  That  the  latter  play  a 
part  in  asthma  is  shown  by  the  secretion  of  the  mucous  mem- 
brane. Hence  I  believe  that  the  theory  of  spasm  of  the  bronchial 
muscles  is  the  correct  one,  although  in  very  severe  attacks  a  spasm 
of  the  diaphragm  also  seems  to  me  more  than  probable. 

But  changes  of  the  mucous  membrane  plaj^  a  not  unimportant  part 
in  asthma,  as  the  almost  constant  occurrence  of  sputum  containing 
spirals  and  crystals  proves.  That  they  alone  are  not  sufficient  to  ex- 
VoL.  YII.— 11 
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plain  the  phenomena  of  asthma,  as  is  Weber's  theory,  I  have  already 
shown  above. 

But  the  connection  with  each  other  of  the  individual  symptoms 
can  be  and  has  been  thought  of  in  various  ways.  Leyden,  who 
ascribes  the  chief  importance  to  the  crystals,  not  to  the  spirals,  in  the 
sputum,  thinks  that  the  bronchial  spasm  is  secondary.  Curschmann 
distinguishes  cases  of  asthma  with  normal  and  with  diseased  lungs. 
The  latter,  according  to  him,  is  especially  frequent;  he  supxjoses 
that  in  this  form  a  chronic  disease  of  the  mucous  membrane  of  the 
finer  ramifications  of  the  bronchi  is  present,  for  which  he  proposes 
the  name  "bronchiolitis  exudativa."  He  conceives  of  bronchiolitis 
exudativa  as  an  independent  disease  which  is  not  to  be  absolutely 
identified  with  bronchial  asthma  but  which  (in  its  chronic,  not  its 
acute  form)  practically  always  leads  to  the  latter. 

But  the  opposite  view  has  also  been  maintained,  in  fact  it  seem  to 
me  that  the  majority  is  inclined  to  that  view,  viz.,  that  the  char- 
acteristic sputum  containing  spirals  is  rather  the  consequence  of 
asthma  or  of  an  acute  disease  of  the  bronchial  mucous  membrane 
which  accompanies  asthma.  Curschmann,  on  the  other  hand,  thinks 
that  bronchiolitis  exudativa  is  a  peculiar  form  of  disease  which  has 
nothing  in  common  with  an  ordinary  catarrh,  and  further  that  in 
every  ■  single  case  the  persistence  of  the  bronchiolitis  can  be  demon- 
strated even  during  the  intervals  between  the  attacks.  Curschmann 
regards  it  as  incorrect  to  consider,  as  many  do,  that  the  "  spiral  bron- 
chiolitis" is  merely  a  secondary  affection  dependent  upon  nasal  affec- 
tions, since  cases  of  bronchiolitis  without  nasal  disease  as  well  as 
cases  of  severe  nasal  asthma  without  bronchiolitis  are  met  with.  The 
objection  properly  made  to  this  view,  that  cases  are  observed  in  which 
the  spirals  have  disappeared  after  an  operation  upon  the  nose,  Cursch- 
mann answers  by  inquiring  as  to  the  duration  of  the  cure  and  the 
frequency  of  such  cases.  Although  Curschmann  reports  cases  in 
which  after  radical  operations  upon  the  nose  the  spiral  bronchiolitis 
either  did  not  disappear  or  returned  after  some  time,  yet  even  this 
does  not  finally  settle  the  question.  Curschmann  himself  finally 
prudently  declares  that  as  yet  he  has  not  definitely  determined  his 
position  with  regard  to  those  questions. 

Confining  ourselves  for  the  present  to  ascertained  facts,  we  may 
regard  it  as  established  that  on  the  one  hand  nasal  asthma  and  bron- 
chiolitis exudativa  occur  frequently  together,  that  on  the  other  hand 
cases  of  nasal  asthma  without  bronchiolitis  are  certainly  very  rare, 
and  that  often  the  crystals  and  spirals  disappear  when  the  asthma 
has  been  cured  by  treatment  of  the  nose. 

As  I  pointed  out  at  the  Congress  for  Internal  Medicine  in  1885, 
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only  long-continued  accurate  investigations  of  the  sputum,  not  only 
at  the  time  of  the  attacks  but  in  the  intervals,  can  make  clear  the  role 
of  spiral  bronchiolitis  in  asthma.  Unfortunately  even  the  more 
recent  investigations  in  this  direction  have  afforded  results  of  little 
value.  Only  when  the  sputum  is  carefully  examined  in  every  case 
of  asthma,  not  only  of  nasal  asthma,  but  also  of  other  kinds  of 
asthma,  and  not  simply  daring  the  attacks  but  also  in  the  intervals, 
can  an  elucidation  of  this  (question  be  expected.  Such  investigations 
have  rarely  been  undertaken.  Lewy  has  made  a  considerable  num- 
ber of  them  in  twenty-six  cases  of  asthma.  In  all  the  cases  during  a 
I)eriod  of  complete  remission  neither  crystals  nor  si^irals  were  to  be 
found,  but  the}^  invariabl}^  appeared  as  soon  as  asthmatic  attacks 
even  of  slight  intensity  develoiDed.  We  may  assume  that  this  result, 
which  has  been  confirmed  by  others,  will  be  still  further  corroborated. 
In  my  opinion  a  direct  connection,  or  at  least  a  coincidence  of  asth- 
matic attacks  with  the  appearance  of  the  sputum  containing  spirals, 
may  now  be  regarded  as  proven.  Curschmann  says  he  has  observed 
the  persistence  of  the  bronchiolitis  after  the  cessation  of  the  asthmatic 
attacks,  but  that  does  not  at  all  contradict  this  view.  The  bron- 
chiolitis may  continue  for  a  time  notwithstanding  the  absence  of 
the  attacks.  And  again,  although  in  isolated  cases  the  bronchiolitis 
continues  in  spito  of  the  cure  of  the  asthma,  that  fact  by  no  means 
proves  that  the  bronchiolitis  must  have  been  the  primary  affection. 
The  sputum  of  the  bronchiolitis  need  not  necessarily  disappear  at 
once  after  the  attack.  That  spirals  are  occasionally  observed  under 
other  circumstances  without  leading  to  asthmatic  attacks  proves 
nothing  with  regard  to  the  present  question.  Every  swelling  of  the 
nose  does  not  necessarily  cause  asthma  nor  need  every  bronchiolitis 
exudativa.  Still  less  importance  need  be  assigned  to  the  observa- 
tion that  asthma  occurs  without  the  spirals.  Aside  from  the  fact 
that  this  is  only  exceptional,  a  negative  result  proves  very  little, 
especially'  as  spirals  and  crystals  are  easily  overlooked  unless  the 
search  is  most  carefully  conducted. 

A  fact  just  made  known  by  Cahn  seems  to  me  to  be  not  without 
importance  as  regards  the  connection  between  affections  of  the  nose 
and  those  of  the  bronchial  mucous  membrane.  Cahn  has  shown 
that  there  are  cases  of  acute  and  even  of  chronic  bronchitis  which 
are  to  be  referred  to  disease  of  the  nose  and  which  are  immediately 
cured  by  the  cure  of  the  latter.  In  several  cases  he  succeeded  by 
the  removal  of  polypi  which  by  no  means  completely  obsti'ucted  the 
nasal  passages  in  curing  at  once  obstinate  bronchial  catarrhs. 

That  the  crystals  as  such  do  not  excite  the  attack,  as  was  foi'merly 
supposed,  is  apparent  from  the  fact  that  they  are,  as  it  were,  wrapped 
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up  and  hidden  in  the  plugs  of  the  sputum  so  that  they  hardly  touch 
the  bronchial  mucous  membrane.  Moreover,  there  is  no  relation  be- 
tween the  amount  of  crystals  present  and  the  attacks.  The  crystals 
have  also  been  found  by  Pfuhl  in  simple  bronchitis  without  asthma. 

The  spirals  are  in  general  to  be  regarded  as  the  product  of  a 
catarrhal  desquamative  process  in  the  finest  bronchial  tubes.  The 
coincidence  of  the  sputum  containing  the  spirals  wdth  the  asthmatic 
attacks  and  the  disappearance  of  the  spirals  with  their  cessation 
denotes  a  more  than  simply  predisposing  or  accidental  connection  of 
the  spiral  bronchiolitis  with  the  asthma.  If,  in  isolated  cases,  after 
the  attacks  have  continued  for  a  long  time,  spirals  are  found  occasion- 
ally in  the  intervals,  that  fact  is  not  opposed  to  such  connection.  A 
positive  decision  of  these  questions  can,  however,  only  be  reached 
after  long-continued  examinations  of  the  sputum  in  the  most  various 
forms  of  asthma.  The  results  of  investigations  hitherto  permit  us 
to  formulate  no  positive  answer,  although,  for  the  reasons  mentioned, 
the  view  as  to  the  connection  which  has  been  presented  must  be  re- 
garded as  the  most  probable  one. 

Diagnosis. 

The  name  "  asthma"  is  often  misused.  Every  rapidly  developing 
dyspnoea  is  called  asthma  by  the  laity ;  but  physicians  too,  not  in- 
frequently, apply  the  name  incorrectly.  Asthma  is  an  especial  form 
of  suddenly  developed  dyspnoea.  To  asthma  belongs  the  paroxysmal, 
preponderatingly  expiratory,  dyspnoea  with  acute  pulmonary  emphy- 
sema and  sibilant  rales.  The  expectoration  of  the  asthmatic  is  also 
of  diagnostic  importance ;  it  may,  however,  be  absent  occasionally  at 
certain  stages.  But  the  characteristic  constituents  of  the  sputum 
will  hardly  ever  be  found  w^ anting  in  careful  search,  especially  in  the 
later  stages. 

It  is  further  characteristic  of  asthma  that  anatomical  changes  in 
the  lungs  and  the  heart  which  would  explain  the  sudden  dj^spnoea  are 
wanting.  An  occasional  increase  in  the  respiratory  embarrassment 
of  patients  with  emphysema  and  chronic  bronchitis  does  not  consti- 
tute asthma.  A  simple  exacerbation  of  the  catarrh  may  lead  to  an 
increase  in  the  already  existing  impediments  to  respiration,  but  we 
should  not  be  justified  in  speaking  of  a  complication  wdth  asthma  in 
these  cases.  It  is  true  that  genuine  asthmatic  attacks  may  supervene 
upon  emphysema,  but  the  attacks  should  be  regarded  as  asthmatic 
only  when  the  above-mentioned  characteristics  of  the  asthmatic 
paroxysm  are  present  and  when  the  sudden  dyspnoea  cannot  be  ex- 
plained by  a  rapid  increase  in  the  catarrh  or  by  other  demonstrable 
changes. 
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Above  all,  tlie  expiratory  character  of  the  dyspnoea  is  to  bo  noted. 
Expiratory  dyspnoea  occurs  only  in  emphysema  and  chronic  bron- 
chitis besides  asthma.  Einthoven's  statement,  based  on  theoretical 
grounds,  that  in  the  typical  asthmatic  respiration  the  inspiration  is 
deep  and  strong  and  the  expiration  superficial  and  weak,  does  not 
correspond  with  the  clinical  picture.  It  is  clear  that  inspiration  also 
must  be  impeded  though  not  as  much  as  expiration,  the  impediment 
manifesting  itself  especially  in  a  prolongation  of  that  portion  of  the 
respiratory  act. 

Although  it  is  stated  by  some  authors  that  expiratory  dyspnoea  is 
observed  when  foreign  bodies  are  present  in  the  bronchi,  yet  this 
must  be  regarded  as  exceptional,  and  in  this  condition  all  the  other 
symptoms  have  so  little  resemblance  to  those  of  asthma  that  it  is 
hardly  likely  that  they  could  be  confounded  Avith  the  latter.  Con- 
fusion with  spasm  of  the  glottis,  with  paralysis  of  the  dilators  of  the 
glottis,  with  tracheal  tumors,  and  other  similar  affections  is  easily 
avoided.  The  mere  inspiratory  character  of  the  dyspnoea  in  such 
cases  shows  that  the  obstruction  is  situated  high  up  in  the  large  air 
passages.  Spasm  of  the  glottis  is  most  frequently  confounded  with 
asthma.  But  aside  from  the  inspiratory  character  of  the  dyspnoea, 
the  acute  emphysema,  the  sibilant  rales  and  the  peculiarities  of  the 
expectoration  are  wanting.  On  the  contrary,  in  this  affection  the 
thorax  may  even  be  drawn  in  during  inspiration.  Spasm  of  the  glot- 
tis begins  suddenly,  lasts  only  a  short  time,  at  most  a  few  minutes, 
and  ends  suddenly.  The  asthmatic  attack  may  begin  suddenly  and 
rise  rapidly  to  a  maximum,  but  it  always  continues  much  longer  than 
the  spasm  of  the  glottis,  generally  for  hours.  A  confusion  of  spasm 
of  the  glottis  with  asthma  is  impossible  for  the  even  moderately  care- 
ful observer. 

But  the  latter  disease  may  be  more  readily  confounded  with  the 
rare  neuroses  of  the  vagus,  which  produce  acute  pulmonary  emphy- 
sema— such  cases  as  I  was  the  first  to  describe,  through  my  former 
assistants,  Tuczek  and  Kredel.  Up  to  that  time  in  affections  of  the 
vagus  attention  had  been  paid  almost  exclusively  to  the  disturbances 
of  the  heart's  action,  and  the  stenocardiac  symptoms  had  been  ex- 
plained solely  by  such  disturbances.  In  our  cases,  together  with  a 
very  greatly  accelerated  action  of  the  heart  there  occurred  parox- 
ysmally  an  acute  pulmonary  emphysema  with  dyspnoea.  But  this 
dj^spnoea  had  in  no  way  the  characteristics  of  expiratory  dyspnoea, 
and  by  this  fact  alone,  aside  from  the  extreme  acceleration  of  the 
heart,  it  can  be  easily  distinguished  from  genuine  asthma. 

In  contrast  with  true  asthma  nervosum,  or  asthma  bronchiale, 
a  cardiac  asthma  is   also  spoken  of.     While  in  nervous   or  bron- 
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cliial  asthma  a  spasmodic  conditioiL  affecting  tlie  respiratory  ap- 
paratus is  assumed,  in  cardiac  asthma  the  essence  of  the  affection 
is  a  disturbance  of  the  activity  of  the  heart.  Here,  as  in  bronchial 
asthma,  the  dyspnoea  is  the  most  prominent  symptom,  but  it  is  not, 
as  in  the  latter,  a  preponderatingly  expiratory,  but  a  mixed  dyspnoea ; 
the  expiration  and  the  inspiration  are  equally  impeded.  Correpond- 
ing  to  the  insufficiency  of  the  left  ventricle,  the  piulse  in  it  is  as  a 
rule  small  and  accelerated.  Moreover,  in  this  the  sibilant  rales  of 
bronchial  asthma  and  the  peculiar  asthmatic  expectoration  are  never 
observed.  In  this  condition  there  is  danger  of  an  acute  oedema  of 
the  lungs,  vrhich  is  never  present  in  bronchial  asthma.  And  the  so- 
called  cardiac  asthma  occurs  only  in  patients  in  whom  the  heart  is 
not  sound,  whether  in  consequence  of  disease  of  the'  heart  itself  or 
because  of  the  presence  of  arterial  sclerosis,  contracted  kidneys,  or 
the  like.  With  the  help  of  these  points  of  difference  and  with  a 
moderately  careful  observation  of  the  phenomena  of  the  attack  it 
should,  as  a  rule,  be  easy  to  discriminate  the  genuine  from  cardiac 
asthma. 

Finally,  spasm  of  the  diaphragm  should  be  briefly  noticed.  This 
condition  may  also  cause  sudden  dyspnoea.  In  chronic  spasm 
of  the  diaphragm  inspiration  takes  place  spasmodically  and  with 
relative  rapidity,  the  thorax  then  remains  several  seconds  in  this 
position  of  forced  inspiration,  after  which  there  succeeds  a  rapid  and 
forcible  expiration.  This  is  followed  by  another  forced  inspiration, 
by  a  fixation  of  the  thorax  in  the  inspiratory  position,  and  then  again 
by  a  shoi4;  forced  expiration.  This  is  the  clinical  picture  of  clonic 
spasm  of  the  diaphragm  which  is  especially  obseiwed  in  the  hysteri- 
cal. A  confusion  of  this  condition  with  the  complexus  of  symptoms 
of  asthma  is  hardly  possible. 

I  do  not  need  to  enter  here  into  details  with  regard  to  the  tonic 
spasm  of  the  diaphragm,  since  I  have  already  mentioned  it  in  dis- 
cussing the  theories  of  asthma.  I  wiU  only  briefly  touch  upon  an 
objection  which  has  been  raised  against  the  theory  of  diaphragmatic 
spasm,  which  is,  that  a  long-continued  spasm  of  the  diaphragm  is 
inconceivable,  since  suffocation  must  result.  It  is  easy  to  convince 
one's  self  experimentally  of  the  incorrectness  of  this  assertion  at  any 
time  by  stimulating  the  phrenic  nerve.  The  assertion,  which  has 
been  repeatedly  made,  that  in  tonic  spasm  of  the  diaphragm  all 
movements  of  the  lower  edges  of  the  lungs  are  prevented,  is  also 
incorrect.  Changes  of  tension  in  the  abdomen  must  result  in  move- 
ment of  the  diaphragm,  however  much  it  may  be  contracted. 

An  hysterical  asthma  has  also  been  distinguished.  Here  there  is 
generally  a  confusion  with  hysterical  dyspnoea.     But  the  latter  never 
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roserables  au  asthmatic  attack.     When  asthma  occurs  iu  an  hysterical 
patiejit,  its  excitiug  cause  must  be  sought  for,  as  in  all  asthnui. 

Diabetic  and  unemic  asthma  have  nothing  in  common  with  genu- 
ine asthma,  AVe  should  accustom  ourselves  not  to  speak  of  asthma 
in  every  case  of  sudden  dyspnoea,  but  to  employ  this  designation 
only  when  the  above-mentioned  characteristics  of  asthma  are  present. 
These  last-named  forms  belong  rather  to  cardiac  asthma.  It  would 
be  better  to  give  up  entirely  the  term  cardiac  asthma,  since  in  it 
asthmatic  symptoms  are  completelj^  absent,  the  symptoms  of  cardiac 
dyspnoea  only  presenting  themselves. 

Treatment. 

In  hardly  any  other  form  of  disease  has  the  secret-remed}^  abuse 
attained  such  proportions  as  in  asthma.  But  the  reason  of  this  is 
not,  as  Briigelmann  thinks,  "that  the  nature  of  the  disease  until  a 
few  years  ago  has  been  wrapped  in  impenetrable  darkness,"  but  that 
all  kinds  of  dyspnoeal  states  have  been,  and  often  still  are,  jumbled 
together  under  the  name  of  asthma.  That  with  such  an  extension  of 
the  conception  of  asthma  remedies  of  the  most  diverse  sorts  might  be 
recommended,  and  that  now  this,  now  that,  remedy  might  prove  bene- 
ficial, can  hardly  excite  surprise.  It  has  long  been  scientifically  estab- 
lished what  complexus  of  symptoms  we  are  to  call  asthma,  although 
with  reference  to  the  mode  of  production  of  the  individual  symptoms 
many  points  are  still  debated. 

But  the  task  which  falls  upon  the  physician  in  the  treatment  of 
asthma  has  long  been  known.  If,  as  is  so  frequent  in  asthma,  one 
has  successes  where  the  other  has  failures,  the  fact  is  not  hard  to 
understand.  The  principles  of  treatment  of  a  certain  disease  may 
be  established,  but  in  the  individual  case  it  is  the  patient  who  must 
be  treated.  Asthma  is  a  complexus  of  clinical  symptoms,  which 
manifests  itself  by  spasm;  it  is  a  neurosis.  At  the  bottom  of  this 
lies  an  especial  predisposition,  an  especial  irritability  within  the  dis- 
tribution of  individual  nerves.  But  the  excitation  can  come  from  the 
most  various  parts,  now  from  the  nose,  now  from  the  throat,  now 
from  the  genital  organs,  now  from  psychical  excitement,  etc.  For 
that  reason  there  can  be  no  remedies  which  are  equally  efficacious  for 
all  cases.  The  treatment  must  be  varied  in  accordance  with  the 
nature  of  the  exciting  cause  and  the  physical  condition  of  the  patient. 
Of  course  here,  as  everywhere  in  practical  medicine,  experience 
teaches  us  many  valuable  lessons. 

The  object  of  therapeutics  is  twofold:  first,  to  cut  short,  to  do 
away  with  the  individual  attack ;  second,  to  prevent  the  recurrence  of 
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the  attacks.  For  both  these  objects  a  large  number  of  remedies  and 
methods  are  at  command. 

Let  us  first  consider  the  remedies  which  are  to  be  employed  when 
the  attack  has  already  developed.  Here  the  first  efforts  are  directed 
towards  shortening  and  mitigating  the  attack.  Of  course  in  a  dysp- 
noeal  attack  of  any  kind  fresh  and  pure  air  must  be  provided  before 
all  things  else.  The  windows  should  be  opened,  constricting  articles 
of  clothing  should  be  at  once  removed.  Generally  the  patient  has 
alreadj^  done  this  long  before  the  physician  reaches  him.  Nor  does 
the  physician  need  to  indicate  to  the  patient  the  posture  which  most 
facilitates  his  respiration;  the  patient  finds  out  instinctively  the  atti- 
tude which  affords  him  the  most  relief. 

Since  asthma  depends  upon  a  spastic  process  it  is  natural  to 
employ  antispasmodic  and  narcotic  remedies  for  the  attacks.  In  fact 
nothing  helps  so  quickly  as  a  hypodermic  injection  of  morphine. 
When  the  attack  is  very  violent,  it  is  best  to  have  recourse  at  once  to 
this;  after  a  short  time  the  spasm  begins  to  relax  and  the  patient's 
breathing  is  much  relieved.  There  is  of  course  the  danger  of  pro- 
ducing the  morphine  habit  in  cases  in  which  the  attacks  recur  very 
frequently.  Upon  the  recommendation  of  Biermer  chloral  hydrate 
has  been  much  used,  and,  it  cannot  be  denied,  with  satisfactory  re- 
sults. Its  quieting  effects  are  generally  seen  very  soon  after  its 
administration.  Upon  the  ground  of  my  own  experience  I  can 
warmly  recommend  chloral  hydrate,  although  I  prefer  morphine 
subcutaneously  injected  in  especially  violent  attacks. 

Of  other  remedies  nitrite  of  amyl,  nitroglycerin,  and  sodium 
nitrate  are  to  be  mentioned.  Nitrite  of  amyl  has  been  especially 
recommended  by  Pick.  I  myself,  after  repeated  use  of  this  remedy, 
have  seen  a  slight  diminution  in  the  dyspnoea  but  never  a  complete 
disappearance  of  the  symptoms  of  the  attack,  never  so  prompt  an 
effect  as  from  the  employment  of  morphine  and  chloral  hydrate. 
Eraser  recommends  sodium  nitrite  and  nitroglycerin  as  the  most 
trustworthy  remedies. 

Chloroform  and  methylene  bichloride  have  also  been  recom- 
mended. But  both  of  these  share  with  those  mentioned  above  the 
disadvantage  of  transitoriness  in  their  effects.  Demme  recommends 
bichloride  of  methylene,  especially  for  children,  inhaled  in  doses  of 
from  eight  to  ten  drops,  either  pure  or  mixed  with  chloroform,  and 
says  that  it  affects  the  circulation  less  than  other  anaesthetics.  Some 
claim  to  have  seen  relief  from  ethyl  iodide  inhaled  in  doses  of  ten  to 
fifteen  drops  from  blotting  paper  or  linen.  Inhalations  of  ether  have 
also  been  advised. 

For  a  long  time  preparations  of  belladonna  and  cannabis  indica 
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were  used  iu  the  treatment  of  the  asthmatic  paroxysm.  To-day 
morphine  and  chloral  hydrate  are  generally  used  in  their  place. 
Subcutaneous  injections  of  atrojnne  have  been  recommended  by  a 
few  as  effective  in  the  asthmatic  attack. 

Hypodermic  injections  of  cocaine  have  been  advised  by  Be- 
schorner,  Hosier,  and  others.  It  would  appear  to  be  of  more  im- 
portance to  make  a  local  application  of  cocaine  in  those  cases  in 
which  the  point  of  excitation  of  the  attacks  is  situated  on  an  easily 
accessible  mucous  membrane.  This  applies  especially  to  hay  asthma 
and  to  other  forms  of  nasal  asthma. 

Mays  recommends  strychnine  and  atropine.  He  begins  with  ^ 
grain  of  strychnine  and  yto  grain  of  atropine,  and  increases  the 
dose  to  ^\,-  grain  of  strychnine  and  -^hj  grain  of  atropine,  then  grad- 
ually diminishes  the  dose  again.  It  has  also  been  advised  to  inject 
hypodermically  the  hydriodateof  hyoscine  in  the  dose  of  ^-^  mgm. 

Poisonous  i)lants  belonging  to  the  family  of  the  Solanacefe  have 
long  enjo3ed  an  especial  rej^utation  in  the  treatment  of  asthma,  the 
smoke  from  their  burning  leaves  being  inhaled.  Stramonium  and 
belladonna  leaves  are  most  used.  The  di'ied  leaves  are  smoked  either 
by  themselves  or  mixed  with  tobacco  in  a  pipe,  or  are  rolled  in  paper 
and  smoked  as  cigarettes.  The  leaves  may  also  be  burned  in  the 
patient's  room.  In  the  latter  case  the  leaves  may  be  impregnated 
with  a  solution  of  nitre  to  increase  their  inflammability.  Sometimes 
the  attacks  are  cut  short  by  ordinary  tobacco  smoke,  but  such  a  result 
occurs  only  occasionally  and  only  in  patients  who  are  not  smokers. 
But  stramonium  cannot  be  regarded  as  a  reliable  remedy' .  To  in- 
crease its  efficacy  it  has  therefore  often  been  combined  with  other 
solanaceous  leaves.  The  "cigarettes  Espic"  are  very  widely  used. 
Their  formula,  according  to  Trousseau,  is  as  follows : 


IJ  Fol.  elect,  herb,  belladonnse, 

0.36 

Fol.  elect,  herb,  bjoscyami, 

0.18 

Fol.  elect,  herb,  stramonii,    . 

0.18 

Fol.  elect,  pbellandriiaquat.. 

.    ,     .         .         0.06 

Extract,  opii,         .... 

0.008 

Aq.  laurocerasi,    .         .         . 

q.s. 

The  leaves,  well  dried  and  freed  of  their  ribs,  are  cut  up  and  care- 
fully mixed.  The  opium  is  dissolved  in  cherry-laurel  water  and  the 
mass  is  uniformly  dampened  with  the  solution.  The  paper  which  is 
used  in  making  the  cigarettes  is  also  previously  washed  in  a  macera- 
tion of  the  leaves  above  named  in  cherry-laurel  water  and  carefully 
dried.  The  patient  smokes  one  or  two  of  such  cigarettes  during  an 
attack. 

The  burning  of  paper  containing  arsenic  or  nitre  has  also  been 
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recommended  by  many.  For  tlie  former  a  sheet  of  imsized  paper 
13  soaked  in  a  solution  of  1  gm.  potassiiun  arsenate  in  15  gm. 
of  distilled  water,  is  then  dried  and  cnt  into  jjieces.  The  nitre 
paper  is  prepared  in  a  similar  way.  Blotting  pajjer  is  soaked  in  a 
half-saturated  solution  of  nitre,  and  is  then  cut  into  smaller  pieces 
and  rolled  into  the  form  of  cigarettes.  How  these  remedies  act  can- 
not be  positively  explained.  The  experience  with  them  is  that  in 
some  cases  they  bring  relief,  and  in  others  fail  entirely. 

Of  the  other  numerous  compounds  for  smoking  and  inhalation, 
many  of  which,  in  the  form  of  secret  remedies,  hare  been  much 
lauded,  I  may  mention  especially  Wiesenthal's  asthma  powder, 
recommended  by  Drobner,  which  consists  of  nitre  and  stramonium 
and  belladonna  leaves.  It  is  used  for  fumigation.  Gerard's  remedy 
is  a  cigarette  consisting  of  belladonna  leaves  and  stramonium,  im- 
pregnated vdih  a  solution  of  nitre  and  of  the  seeds  and  capsules  of 
the  black  poppy.  See  recommends  especially  the  pyiidins.  Accord- 
ing to  him  these  are  the  active  factors  of  the  manifold  asthma  cigar- 
ettes and  asthma  x->owders  for  fumigation.  In  these  compounds  they 
are  mingled  with  many  useless  and  injurious  substances  so  that  the 
use  of  the  pure  pyridins  is  to  be  recommended.  Plicque  advises  that 
pyridin  should  never  be  directly  inhaled,  but  that,  for  a  room  of  the 
capacity  of  about  20  cm.  4  gm.  should  be  permitted  to  evaporate, 
the  room  being  aired  after  half  an  hour  at  the  longest.  Favorable 
results  have  also  often  been  observed  from  the  inhalation  of  solutions 
of  menthol. 

Much  use  for  a  long  time,  particularly  in  France,  was  made  of 
the  procedure  first  advised  by  Ducros  of  brushing  the  pharynx  with 
ammonia.  But  this  method  proved  to  be  not  vrithout  danger,  hence 
inhalations  of  ammonia  were  resorted  to,  a  phial  iilled  with  ammonia 
being  held  beneath  the  patient's  nose.  The  method  proposed  by 
Faure,  to  pour  a  tablespoonful  of  ammonia  into  a  saucer  and  have 
its  fumes  inhaled  from  a  little  distance,  is  preferable.  Trousseau 
recommends  that  the  patient's  nostril  be  stopped  with  cotton  dui-ing 
the  inhalation.  The  fact  that  many  asthmatics  find  themselves  im- 
proved in  health  in  localities  where  ammonia  is  developed,  as  has 
been  frequently  observed,  speaks  in  favor  of  the  good  effects  of  am- 
monia, in  som#  cases  of  asthma  at  least.  Trousseau  tells  of  a  sea 
captain  who  had  no  trace  of  asthma  as  long  as  he  was  upon  his  ship 
which  was  laden  with  guano,  or  was  on  the  islands  where  guano  is 
obtained. 

Emetics,  especially  ipecacuanha,  have  also  been  recommended. 
In  ray  opinion  they  are  to  be  used  only  exceptionally,  as  perhaps  in 
childi'en  in  whom  there  are  symptoms  of  a  severe  bronchitis.     Cursch- 
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manu  states  that  lie  has  used  strong  iufusions  of  ipecacuanha  iu 
protracted  attacks  of  asthma  with  the  best  results.  Emetics  are  con- 
traindicated  iu  elderl}-  people. 

Inhalations  of  oxygen  have  also  been  recommended.  In  very 
severe  attacks  they  can  hardly  be  administered ;  in  milder  attacks 
a  trial  may  be  made  of  them.  The  difficulty  of  obtaining  the  oxygen 
apparatus  will,  hoM'ever,  interfere  with  the  general  use  of  this  gas. 

Inspirations  of  compressed  and  expirations  into  rarefied  air  have 
also  been  employed;  but  although  this  method  has  given  benefit 
in  some  cases  during  the  free  intervals,  in  the  attack  itself  it  is 
hardlj'  ever  applicable,  and  moreover  the  apparatus  is  generally  not 
at  hand. 

The  local  appKcation  of  the  induced  current  has  been  suggested 
as  a  means  of  cutting  short  the  asthmatic  attack.  Schaffer  especially 
commends  its  effect;  he  states  that  he  has  rei)eatedly  seen  violent 
asthmatic  attacks  disappear,  as  if  by  magic,  after  its  use.  According 
as  he  believes  that  the  location  of  the  exciting  cause  is  in  the  upper 
or  the  lower  portions  of  the  nerves,  he  places  the  electrodes  under  the 
angles  of  the  jaws  or  at  the  level  of  the  thyroid  cartilage.  Bresgen, 
Fraenkel,  and  others  also  claim  a  certain  favorable  effect  from  the 
faradic  current. 

The  preceding  are  the  most  important  remedies  for  the  attack 
itself.  Of  course  this  list  does  not  comprise  all  the  remedies  which 
have  been  advised,  for  a  full  enumeration  of  them  is  scarcely  possi- 
ble. But  our  attention  should  be  directed  here  to  one  of  the  exciting 
causes,  the  psychic.  In  many  cases  the  attacks  occur  irregularly 
without  demonstrable  cause;  in  other  cases  they  occur  as  the  re- 
sult of  certain  definite  stimulations.  I  have  already'  mentioned  a 
case  above  in  which  the  asthma  was  excited  by  the  odor  of  a  rose, 
but  in  which  it  also  occurred  when  an  artificial,  instead  of  a  natural 
rose  was  held  before  the  patient.  Here  the  idea  of  the  irritant  acted 
in  the  same  way  as  the  irritant  itseK.  We  often  see  that  the  attack 
is  caused  by  psychic  emotion.  Sometimes  even  the  fear  of  an  at- 
tack is  sufficient  to  excite  one.  It  may  be  anticipated  in  such  cases 
that  suggestive  treatment  will  suppress  the  attack.  But  suggestive 
therapy  plays  a  more  important  part  in  the  prevention  of  the  parox- 
ysms and  in  the  treatment  of  the  predisposition  to  asthma  than  in 
combating  the  individual  attack. 

The  second  indication  in  the  treatment  of  asthma  is  the  prevention 
of  the  recurrence  of  the  attacks.  As  we  have  already  seen,  two  factors 
play  a  part  iu  the  production  of  asthma.  The  one  is  the  immediate 
exciting  cause  of  the  attack,  which  is  situated  sometimes  in  the  nose, 
sometimes  in  the  throat,  sometimes  in  the  sexual  system,  etc.     The 
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second  is  tlie  predisposition,  the  abnormal  excitability  of  tbe  nerves. 
Experience  has  shown  that  the  removal  of  the  first  factor,  i.e.,  the 
cure  of  the  local  malady,  results  in  the  disappearance  of  the  asthma 
for  months  or  even  years.  But  often  it  is  found  that  although  the 
local  disease,  of  the  nose  for  example,  has  been  completely  cured, 
yet  the  asthma  returns  after  an  interval.  This  is  not  strange.  If  it 
appears  for  example  that  from  a  circumscribed  swelling  in  the  nose, 
the  mucous  membrane  covering  the  turbinated  bones  or  elsewhere,  a 
reflex,  that  is,  an  asthmatic  attack,  is  excited,  and  if  we  cure  this 
diseased  spot  by  cauterization  or  other  means,  henceforth  asthmatic 
attacks  will  no  longer  be  excited  from  that  point.  But  the  predis- 
position to  asthma,  the  jjeculiar  state  of  the  nervous  system,  remains 
unchanged.  Hence  it  is  not  surprising  if  the  attacks  recur  subse- 
quently. Not  very  rarely  we  see  that  there  are  several  "  asthma 
points,"  that  asthma  is  excited  from  different  paints  of  the  body. 
The  facts  are  similar  with  regard  to  other  organs.  T\'Tien  there 
is  a  predisposition  to  nervous  cramps  of  the  stomach  or  to  mi- 
graine, we  see  in  some  individuals  that  these  affections  regularly 
appear  after  emotional  excitement,  after  anger,  and  after  mental 
overwork;  but  we  also  sometimes  see  them  develop  from  other  causes; 
that  is,  the  excitation  of  the  attacks  may  travel  by  various  paths, 
and  just  so  it  is  with  asthma.  The  second  indication  for  treatment 
mentioned  above  is  therefore  twofold.  A  most  careful  search  should 
be  made  for  the  point  of  excitation,  and  if  one  be  found  that  source 
must  first  be  removed.  But  in  the  second  place — and  this  is  the 
more  important — the  nervous  predisposition  to  these  spasmodic 
attacks  should  be  combated. 

It  must  be  regarded  as  a  long  step  in  advance  that  the  fact  has 
been  recognized  that  asthmatic  attacks  are  very  often  excited  from 
the  nose  and  its  adnexa,  more  frequently  through  the  trigeminus 
than  through  the  olfactory  nerve.  Of  course  patients,  who  get  their 
attacks  from  smelling  hay,  flowers,  ipecacuanha,  etc.,  should  be  ad- 
vised to  keep  away  from  these  sources  of  irritation.  But  at  the  same 
time  a  careful  examination  of  the  nose,  the  nasopharyngeal  space,  the 
pharynx,  and  the  larynx  must  be  instituted  and  with  the  aid  of  co- 
caine a  search  should  be  made  for  asthma  points.  If  a  morbidly 
excitable  spot  is  found,  it  may  be  subjected  to  local  surgical  treatment, 
and  thus  the  abnormal  stimulation  of  the  nerves  which  are  dis- 
tributed to  the  parts  will  be  abolished.  But  \xii]i  the  local  treatment 
that  of  the  general  condition  should  never  be  neglected. 

Of  course  only  a  very  careful  and  minute  search  for  painful  points, 
from  which  the  attacks  are  excited  reflexly,  will  be  successfid.  All 
the  other  organs  must  be  submitted  to  a  thorough  examination  in  the 
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same  waj'  as  the  nose.  But  too  great  couficlence  should  not  be  placed 
in  the  treatment  of  the  nose.  It  is  well  known  that  the  good  results 
have  been  much  exaggerated.  Some  have  gone  so  far  in  their  zeal  as 
to  regard  almost  every  case  of  asthma  as  one  of  nasal  asthma,  and  so 
for  a  time  it  was  the  fashion  to  burn  with  acids  or  the  cautery  the 
nasal  mucous  membrane  of  every  asthmatic.  Now  that  the  excite- 
ment has  subsided,  it  is  seen  that  the  nasal  treatment  has  often  been 
of  no  benefit,  or  has  e£forded  but  temporary  relief.  Nevertheless,  the 
examination  of  the  nose  should  be  neglected  iu  no  case  of  asthma, 
unless  the  exciting  cause  is  already  known  with  absolute  certainty, 
and  if  abnormalities  are  found,  if  it  appears  that  reflex  phenomena 
follow  when  the  sound  is  pressed  upon  certain  definite  spots,  local 
treatment  by  a  skilful  specialist  should  be  instituted. 

I  have  alread}'  mentioned  above  that  many  attacks  occur  only 
under  certain  conditions.  Thus  there  are  cases  in  which  the  attacks 
are  connected  with  i^regnancy  and  cease  after  delivery.  In  some 
cases  a  simple  change  of  residence  is  sufficient  to  stop  the  attacks, 
without  its  being  possible  to  determine  the  reason  why  the  former 
dwelling-place  was  injurious.  For  many  patients  life  in  a  different 
climate  is  enough  to  cause  a  cessation  of  the  attacks.  It  has  even 
been  affirmed  that  there  are  localities  the  climate  of  which  can  be 
regarded  as  conferring  immunitj'  upon  asthmatics.  This  is  by  no 
means  universally  true.  It  is  well  known  that  many  patients  experi- 
ence a  considerable  measure  of  relief  after  a  stay  of  some  duration 
in  high  altitudes.  But  the  altitude  alone  is  not  the  cause  of  this. 
If  asthma  is  observed  more  rarely  in  some  places  than  in  others,  this 
fact  hj  no  means  proves  the  existence  of  an  immunit3^  Asthma  is 
an  affection  which  occurs  everywhere,  from  which  no  climate  con- 
fers absolute  immunity. 

It  cannot  be  doubted  that  asthma  may  be  excited  from  the  uterus 
and  its  appendages  as  well  as  from  the  male  sexual  organs.  With 
regard  to  many  of  these  cases  it  can  indeed  be  said  that  they  were 
not  true  asthma,  but  dyspnceal  attacks,  often  hysterical  dj'spnoea  or 
hysterical  anxiety.  Peyer,  especially,  has  reported  cases  which 
prove  that  asthma  may  develop  as  the  result  of  long-continued  mas- 
turbation or  of  spermatorrhoea.  Thus,  to  give  one  example,  he  reports 
the  case  of  a  counti-y  gentleman  twenty-six  years  of  age,  who  wag 
also  seen  by  Biermer.  This  patient  had  his  first  asthmatic  attack  in 
his  eighteenth  year,  and  the  attacks  recurred  about  four  times  in  the 
next  two  years.  In  the  following  four  years  the  patient,  who  now 
devoted  himself  zealously  to  agriculture,  enjoyed  perfect  health. 
Then  he  married  and  assumed  the  charge  of  a  hotel.  He  ascribed 
the  fact  that  he  did  not  feel  so  well  as  formerly  to  the  lack  of  the 
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exercise  in  tlie  open  air  to  which  he  was  accustomed.  Some  catarrh 
and  the  former  asthmatic  attacks  again  appeared.  A  stay  of  two 
months  in  Davos  removed  the  catarrh  and  stopped  the  asthmatic 
attacks,  but  the  latter  recurred  after  his  return  to  his  home.  A 
second  visit  to  Davos  produced  again  a  temporary  cure.  But  soon 
afterwards  the  attacks  returned  and  became  increasinglj^  more  severe. 
A  long  course  of  iodide  of  potassium  prescribed  by  Biermer  gave  at 
first  a  little  relief,  but  soon  the  attacks  began  to  occur  with  frightful 
rapidity.  A  remark  let  fall  by  the  patient  after  an  attack,  that  it 
seemed  to  him  that  coitus  was  injurious  to  him,  since  after  it  he  was 
almost  certain  to  have  an  asthmatic  attack,  led  Peyer  to  inquire  more 
closely  into  the  sexual  life  of  the  patient,  when  it  appeared  that  the 
patient  had  masturbated  since  childhood  and  frequently-  had  dis- 
charges of  semen  without  erection,  A  local  treatment  of  the  sper- 
matorrhoea, consisting  in  the  use  of  sounds  and  astringent  injections, 
completely  cured  the  asthma. 

Peyer  reports  several  similar  cases.  Of  course  we  must  be  care- 
ful about  applying  the  designation  "  asthma"  to  such  cases  and  em- 
ploy the  term  only  when  there  are  reallj'  typical  asthmatic  attacks. 
When  such  a  cause  is  discovered,  the  appropriate  local  treatment 
must  be  instituted.  This  is  equally  true  of  diseases  of  the  female 
sexual  organs,  provided  that  a  connection  between  these  and  the 
asthmatic  attacks  can  be  demonstrated.  For  of  course  the  two  forms 
of  disease  may  be  present  at  the  same  time,  and  yet  be  independent 
of  each  other. 

Of  internal  remedies  which  have  been  recommended  for  asthma 
iodide  of  potassium  (or  sodium)  is  unquestionably  the  most  impor- 
tant. This  is  also  the  active  constituent  of  many  of  the  secret  reme- 
dies which  have  been  used,  as,  for  example,  in  that  of  Aubree,  which 
was  valued  highly  at  one  time.  Its  administration  is  sometimes 
attended  with  difficulties  on  account  of  its  well-known  unpleasant 
effects,  but  these  can  generally  be  overcome  if  one  begins  with  quite 
small  doses  and  passes  slowly  to  the  larger  doses.  To  produce  the 
desired  effect  the  medicine  must  be  given  for  a  considerable  time  and 
in  large  doses  1.5,  2,  or  3  gm.  (gr.  xxij.-xlv.)  a  day.  Its  bad  taste  is 
best  corrected  by  taking  it  in  milk.  The  addition  of  syrups  is  not  to 
be  advised,  but  peppermint  water  may  be  used  to  conceal  the  taste. 
It  is  true  that  it  may  fail  in  some  cases,  but  in  the  majority  a  certain 
improvement  is  produced;  sometimes  the  results  are  excellent.  If 
some  dispute  the  efficacy  of  iodide  of  potassium,  the  explanation 
must  be  either  insufficient  observation  of  the  cases  or  the  fact  that 
the  drug  was  given  for  too  short  a  time  and  in  too  small  doses. 

All  the  other  internal  remedies  which  have  been  recommended  are 
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in  my  experience  far  inferior  to  iodide  of  potassium,  although  they 
may  have  proved  efficacious  in  isolated  cases.  Ruhemann  has  very 
recently  recommended  in  place  of  iodide  of  potassium  the  iodate  of 
sodium,  one  pill  of  15  cgm.  (gr.  iiss.)  to  be  taken  three  times  a  day 
for  a  considerable  time.  He  regards  the  especial  advantage  of  the 
iodate  of  sodium  to  be  that,  in  contrast  with  iodide  of  potassium,  it 
does  not  at  all  affect  the  appetite.  I  have  no  personal  experience  with 
it.  The  citrate  of  caffeine  is  warmly  recommended  by  Skerritt.  Arse- 
nic is  the  most  important  of  the  other  remedies.  Lebert  recom- 
mends the  use  of  this  in  obstinate  cases  in  connection  with  quinine 
and  atropine.  Quinine  has  also  been  repeatedly  and  stronglj^  recom- 
mended. Other  remedies  to  be  mentioned  are:  nitrate  of  silver, 
oxide  of  zinc,  bromide  of  potassium,  tincture  of  lobelia  inflata, 
hyoscine,  castoreum,  camphor,  and  tincture  of  valerian.  To  most  of 
these  an  other  than  a  suggestive  action  can  hardly  be  ascribed. 

Inhalations  of  sodium  chloride  and  sodium  bicarbonate,  each  1 
part  in  200  of  water,  twice  a  day,  have  been  advised  by  Leyden,  not 
as  a  directly  curative  remedy,  but  as  an  adjuvant. 

Flowers  of  sulphur,  recommended  by  Duclos  as  "a  therapeutic 
agent  of  infinite  efficacy"  to  prevent  the  return  of  asthmatic  attacks, 
has  not  been  received  with  favor  in  spite  of  this  strong  advocacy. 

With  regard  to  the  jjneumatic  method,  it  may  be  said  that  its 
value  is  not  yet  thoroughly  determined.  This  method  is  applied 
partly  with  the  portable  apparatus,  and  partly  with  the  pneumatic 
cabinet.  While  at  first  great  things  were  expected  of  it,  the  con- 
viction has  gradually  gained  ground  that,  though  it  may  often  bring 
relief  and  effect  improvement,  it  is  as  yet  not  directly  curative.  As 
already  mentioned,  it  is  hardly  possible  to  employ  a  pneumatic 
apparatus  during  the  attack  itself.  In  the  intervals  of  the  attacks  the 
pneumatic  apparatus  has  the  advantage  that  it  strengthens  the  lungs, 
and  that  it  affords  a  kind  of  pulmonary  gymnastics.  The  pneumatic 
cabinets  are  preferable  to  the  pneumatic  apparatus;  but  with  re- 
gard to  their  value  also  opinions  are  divided.  A  genuine  cure  is 
probably  •  hardly  ever  produced  by  them.  Their  favorable  effects 
depend  chiefiy  upon  their  infiuence  over  the  catarrh  and  the  second- 
ary or  accompanying  emphysema. 

The  use  of  the  respiratory  chair  invented  by  Zoberbier-Eossbach 
has  the  same  disadvantages  as  the  pneumatic  method.  During  the 
attack  itself  it  cannot  be  employed;  in  the  intervals  there  is  no  occasion 
in  uncomplicated  cases  of  asthma  to  use  an  apparatus  to  assist  ex- 
piration, since  in  such  cases  the  patient  is  fi'ee  from  discomfort. 
Such  an  apparatus  is  of  value  only  in  cases  in  which  an  emphysema 
is  also  present,  as  a  remedy  not  for   the  asthma,  but  for  the  em- 
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piiTsema.  The  same  objection  applies  to  the  corset-like  eontrivances 
of  Schreiber  and  Feris,  to  the  respiratory  girdle  (AthmungsgiXrtel)  of 
Steinhoff,  to  Gobel's  respiratory  chair  with  automatic  compressor, 
and  to  Tranb's  compression  apparatus.  The  object  of  all  these  forms 
of  apparatus  is  to  assist  expiration,  by  compressing  the  thorax  dur- 
ing expiration.  During  the  attack  such  apparatus  cannot  be  applied ; 
in  the  intervals  they  are  not  required  except  in  cases  in  "^"hich  the 
expiration  is  still  impeded,  when  emphysema  is  also  present. 

The  object  of  the  methods  of  cure  hitherto  mentioned  is  essen- 
tially to  cure  the  diseased  spot  from  which  the  excitation  of  the 
individual  attacks  proceeds.  The  primary  cause,  the  predisposition, 
is  not  thereby  changed.  But  cases  are  not  rare  in  which  the  mere 
idea  that  an  asthmatic  attack  may  be  impending  is  sufficient  to 
cause  one.  Here  a  psychic,  a  suggestive  treatment  is  needed  and 
is  often  of  benefit.  The  vigorously  given  suggestion  of  the  physician, 
that  an  attack  will  not  occur  if  the  patient  has  implicit  confidence  in 
him,  will  often  prevent  the  attack.  The  main  end  to  be  kept  in  view 
in  the  treatment  is,  however,  to  quiet  the  abnormal  excitability  of  the 
central  nervous  apparatus.  Xo  remedy  will  do  this  directly.  "We 
do  not  know  upon  what  this  abnormal  excitability  depends,  and  hence 
we  are  ignorant  of  the  way  by  which  it  can  be  removed.  AVe  can 
approach  the  goal  only  indirectly  :  at  one  time  by  suggestion,  at  an- 
other by  strengthening  the  general  nervous  system,  by  hardening  the 
body,  etc.  "We  proceed  here  on  the  same  principles  as  when  we  seek 
to  strengthen  the  nervous  system  in  hysteria  and  neurasthenia.  The 
general  condition  is  above  all  to  be  regarded.  Eegulation  of  the  diet 
and  of  the  whole  mode  of  life  plays  an  important  part  in  the  treat- 
ment of  asthma.  Eespiratory  gymnastics,  hardening  processes  of 
every  kind,  and  hydrotherapeutic  procedures  are  to  be  employed. 
Of  course  such  treatment  can  be  administered  to  better  advantage  in 
a  sanatorium  than  at  the  patient's  home. 
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HAY  FEVER. 


Synonyms. — Hay  asthma,  rose  cold,  June  cold,  autumnal  catarrh, 
rhinitis  hj^persesthetica,  catarrhus  sestivus.  The  term  hay  fever  is 
generally  used  to  designate  the  disease  when  it  occurs  in'  the  fall 
months  in  contradistinction  to  similar  affections  that  are  not  infre- 
quently observed  in  the  winter,  spring,  and  early  summer. 

Hay  fever  is  one  of  the  neuroses  the  symptoms  of  which  are  ex- 
perienced periodically.  It  is  characterized  by  irritation  and  inflam- 
mation of  the  mucous  membrane  of  the  eyes,  nose,  and  upper  air 
passages,  especially  the  nares,  attended  by  profuse  secretion,  and  in 
the  advanced  cases  it  is  complicated  by  asthmatic  attacks.  Isolated 
cases  may  occur  at  any  time  of  the  year,  but  in  this  country  the  dis- 
ease usually  prevails  from  about  the  20th  of  August  until  the  latter 
part  of  September  or  until  earlj^  frost,  though  similar  affections  are 
observed  in  May,  June,  and  July,  and  occasional!}'  even  in  wdnter. 
The  attack  usually  occurs  on  nearly  the  same  day  of  the  month  of 
each  succeeding  year,  though  in  some  seasons  many  individuals  will 
be  attacked  several  days  before  the  expected  time,  and  in  other  years 
the  affection  is  correspondingly  delayed  by  the  temperature  and 
atmospheric  conditions. 

In  England  hay  fever  generalh'  occurs  in  June  and  July,  and  upon 
the  Continent  of  Europe,  where  it  is  much  less  frequent,  it  also  ap- 
pears to  occur  considerably  earlier  than  in  this  country.  It  is  more 
frequently  met  with  among  men  than  women.  It  may  occur  at  any 
age,  but  it  is  most  frequent  in  middle  life.  I  have  seen  it  in  children 
less  than  five  years  old  and  also  in  persons  of  advanced  age.  The 
disease  is  seldom  found  in  persons  belonging  to  the  working  classes, 
though  exceptions  to  this  rule  are  not  very  infrequent.  Notwith- 
standing the  greater  prevalence  of  the  exciting  cause  in  the  country, 
the  disease  is  more  frequent  in  cities  than  in  rural  localities.  In  this 
country  it  is  comparatively  infrequent  south  of  the  thirty-third  par- 
allel or  north  of  the  forty-seventh,  and  certain  elevated  regions  are 
nearly  or  quite  exempt  from  the  disease,  apparently  because  of  the 
character  of  the  vegetation  and  the  low  temperature. 
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Anatomical  a2s'd  Pathological  Chaeacteeistics. 

Hay  fever  is  generally,  tliougli  not  always,  attended  by  inflam- 
mation of  tlie  mucous  membrane  of  the  nose,  eyes,  and  throat,  and 
not  infrequently  this  inflammation  extends  to  the  accessory  nasal 
sinuses  or  even  to  the  entire  respiratory  tract.  The  membrane  is 
usually  congested,  reddened,  and  swollen,  but  exceptionally  there  is 
very  little  swelling,  and  not  infrequently  the  parts  are  paler  than 
normal. 

Etiology. 

Though  the  etiology  of  the  affection  is  not  fully  understood,  it  is 
generally  believed  to  result  from  a  peculiar  irritability  of  the  nervous 
system,  which  in  some  persons  is  manifested  by  constitutional  symp- 
toms and  in  others  by  localized  abnormal  sensitiveness  of  a  paii;  or 
the  whole  of  the  mucous  membrane  of  the  respiratory  tract.  This  ab- 
normal sensibility  renders  the  mucous  membrane  prone  to  inflamma- 
tion which  may  be  excited  by  various  minute  particles  in  the  atmos- 
phere. 

Heredity  and  the  neurotic  diathesis  undoubtedly  predispose  to 
this  aft'ection,  and  a  great  variety  of  agents  may  excite  the  attack. 
As  first  pointed  out  by  William  H.  Daly,  of  Pittsburg,  a  hyperaes- 
thetic  condition  of  the  nasal  mucous  membrane  is  one  of  the  most 
important  factors  in  the  etiology  of  the  disease ;  but  the  most  com- 
mon exciting  cause  of  the  attack  is  the  pollen  of  Ambrosia  artemesice- 
folia,  known  also  as  Eoman  wormwood,  ragweed,  or  hogweed,  or 
that  of  SoUdago  odora,  known  commonly  as  golden  rod.  We  find 
therefore,  three  essential  factors  in  the  production  of  this  affection: 
first  the  neurotic  habit;  second,  local  hyperesthesia;  and  third,  the 
presence  of  irritating  substances  in  the  atmosphere.  TMiile  the  neu- 
rotic habit  is  frequently  inherited,  as  shown  by  the  occurrence  of  this 
affection  in  various  members  of  the  same  family  or  in  the  offspring 
of  those  who  have  suff'ered  from  the  disease,  yet  in  the  great  ma- 
jority of  cases  it  appears  to  have  been  acquired.  It  has  also  been 
claimed,  with  some  show  of  probability,  that  the  disease  is  much 
more  frequent  in  the  lithaemic,  a  condition  which  probably  causes 
many  of  the  symptoms  in  the  neurasthenic. 

The  neurotic  influence  in  the  production  of  the  disease  is  well  illus- 
trated by  the  well-known  incident  related  by  Dr.  John  M.  McKenzie, 
of  Baltimore,  in  which  an  attack  was  brought  on  by  the  sight  of  an 
artificial  rose.  In  the  majority  of  cases  it  is  easy  to  demonstrate 
a  hypertesthetic  condition  of  some  portion  of  the  nasal  mucous  mem- 
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brane,  but  in  exceptional  instances  this  is  not  apparent.  Though 
the  pollen  of  the  ragweed  or  of  golden  rod  is  the  most  common  ex- 
citing cause  of  the  affection  in  this  country,  that  of  certain  grasses, 
as  wheat,  barley,  oats,  rye,  and  even  Indian  corn,  may  also  excite 
the  disease.  There  are  also  persons  in  whom  this  affection,  like 
spasmodic  asthma,  may  be  brought  on  by  exposure  to  dust,  to  the 
emanations  of  certain  animals,  or  even  to  the  bright  rays  of  the  sun. 

I  have  known  of  one  person  who  was  unable  to  cross  the  street  on 
a  hot  day  in  summer  wdthout  sneezing  violently  unless  he  carried  an 
umbrella.  I  have  known  of  still  another  in  whom  attacks  of  sneezing 
were  brought  on  frequently  by  exposure  to  a  bright  gaslight ;  though 
this  person  was  not  a  hay-fever  patient,  the  hypersesthetic  condition 
of  the  nasal  mucous  membrane  was  similar  to  that  found  in  the  ma- 
jority of  patients  suffering  from  hay  fever. 

In  regions  comparatively  free  from  the  disease  it  is  generally 
found  that  persons  subject  to  the  disease  become  worse  in  warm  days 
or  when  the  wind  blows  from  the  south,  indicating  that  temperature, 
even  though  it  is  not  sufficient  to  account  for  the  origin  of  the  affec- 
tion in  any  case,  has  much  to  do  with  the  symptoms.  This  aggrava- 
tion of  the  disease  by  winds  from  certain  directions  is  generally 
supposed  to  be  due  to  their  being  laden  with  a  greater  amount  of 
pollen,  and  doubtless  this  is  in  part  correct,  yet  an  experience  with 
many  cases  has  forced  me  to  the  conclusion  that  temperature  alone  is 
partly  responsible. 

Obstruction  of  the  nasal  cavities  by  swelling,  exostosis,  or  nasal 
polypi  is  also  said  to  be  a  cause  of  the  disease,  and  I  have  seen  a  few 
patients  in  whom  peculiarity  in  the  digestive  function  at  this  time  of 
the  year  would  indicate  to  me  a  reflex  origin.  For  example,  one  pa- 
tient who  was  fond  of  tomatoes  and  watermelons  and  who  could  eat 
them  with  impunity  at  any  other  time  of  the  year,  was  unable  to  do 
so  during  the  hay -fever  season  without  the  most  violent  disturbance 
of  the  gastrointestinal  tract. 

Symptomatology. 

The  attacks  often  come  on  the  same  date  of  succeeding  years,  re- 
gardless of  the  temperature,  the  condition  of  the  patient,  or  his  en- 
vironment ;  but  a  variation  of  a  few  days  is  not  infrequent,  apparently 
depending  upon  atmospheric  changes,  probably  due  in  the  majority 
of  cases  to  the  acceleration  or  delay  in  the  growth  of  the  plants  that 
produce  the  pollen.  It  is  probable  that  in  some  instances  the  regular 
recurrence  of  the  attack  upon  the  same  day  of  the  month  and  even  at 
the  same  hour  of  the  day  is  due  to  neurotic  influences,  but  that  this 
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is  not  SO  in  the  majority  of  cases  is  well  attested  by  mimerons  facts, 
particularly  tliose  obtained  from  a  study  of  the  affection  in  young 
children. 

There  are  two  recognized  types  of  the  disease :  the  catarrhal  and 
the  asthmatic.  In  the  former  the  disease  usually  comes  on  suddenly 
with  irritation  of  the  mucous  membrane  of  the  fauces,  conjunctivae, 
and  nares,  and  is  attended  by  frequent  sneezing.  In  the  latter  vari- 
ety the  asthmatic  features  may  be  developed  early  or  late,  but  com- 
monly they  do  not  occur  until  the  latter  part  of  the  season,  when  the 
patient  has  akeady  suffered  for  several  weeks  from  nasal  affections. 
The  asthma  in  hay  fever  commonly  differs  from  spasmodic  asthma  in 
the  greater  persistence  of  the  dyspnoea  and  in  the  occurrence  of  the 
paroxysms  quite  as  frequently  in  the  daytime  as  at  night. 

In  most  cases  the  disease  is  ushered  in  by  tickling  or  stinging  sen- 
sations in  the  Schneiderian  mucous  membrane,  accompanied  by  at- 
tacks of  sneezing  and  itching  of  the  conjunctivEe,  with  profuse  lacry- 
mation,  or  by  burning  and  stinging  sensations  in  the  throat.  In 
others  the  first  symptoms  are  severe  neuralgic  pains  in  the  eyes  and 
back  part  of  the  head,  or  swelling  of  the  conjunctivae,  eyelids,  or  tip 
of  the  nose.  Constitutional  effects  are  denoted  by  elevation  of  tem- 
perature, aching  of  the  muscles,  general  malaise,  and  sometimes  by 
great  weakness.  In  many  subjects  there  is  no  alteration  of  the  pulse 
or  temperature  during  the  attack,  but  in  others  the  pulse  is  increased 
in  frequency  ten  or  twenty  beats  or  even  more,  and  the  temperature 
is  raised  two  or  three  degrees.  These  latter  symptoms  are  more 
likely  to  be  observed  when  the  patient  has  aheadj  suffered  for  sev- 
eral days  from  the  attack.  They  are  doubtless  due,  in  many  cases 
at  least,  to  disturbed  rest  rather  than  to  the  disease  itself.  The  con- 
gestion and  swelling  of  the  mucous  membrane  of  the  nose  interfere 
seriously  with  nasal  respiration  and  probably  in  many  cases  are  the 
reflex  cause  of  the  spasmodic  affection  of  the  bronchial  tubes. 

Free  lacrymation  is  a  common  symptom,  and  there  is  profuse 
watery  secretion  from  the  nose,  which  irritates  the  upper  lip.  After 
a  few  days  this  secretion  becomes  muco-purulent.  The  symptoms 
vary  much  from  day  to  day  and  even  at  different  times  of  the  same 
day,  according  to  the  exposure  of  the  patient  or  the  direction  of  the 
wind.  Many  patients  experience  sharp  stinging  sensations  in  the 
roof  of  the  mouth  which  become  a  source  of  great  discomfort.  The 
sneezing  which  usually  ushers  in  the  attack  sometimes  becomes  a  very 
distressing  symptom.  Usually  during  the  first  two  or  three  years  of 
the  disease  the  patient  does  not  suffer  from  asthma,  but  finally  in 
most  cases  the  asthmatic  attacks  make  their  appearance  towards  the 
latter  part  of  the  season,  and  subsequently  are  liable  to  come  on  ear- 
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Her  witli  each  succeeding  year,  until  finally  they  may  be  coincident 
with  the  inception  of  the  hay  fever.  Commonly  with  the  cool  fall 
weather  the  S3'mptoms  grow  milder,  and  after  two  or  three  frosts  they 
speedily  disappear;  but  frequentl}^  the  cough  and  catarrhal  symi)toms 
continue  for  two  or  three  weeks  after  the  disappearance  of  the  excit- 
ing cause  and  in  many  instances  several  weeks  or  even  months  elapse 
before  the  patient  regains  his  usual  vigor. 

Diagnosis. 

Hay  fever  may  be  confounded  with  simple  acute  rhinitis  or  with 
spasmodic  asthma.  The  essential  points  of  difference  are  the  his- 
tory, the  abnipt  commencement,  and  the  excessive  nasal  irritation, 
together  with  asthmatic  symptoms  which  are  apt  to  occur  during  the 
daytime  instead  of  at  night. 

Simj^le  acute  rhinitis  comes  on  more  gradually  with  irritation  and 
dryness  of  the  nasal  mucous  membrane,  followed  after  ten  or  twelve 
hours  by  a  free  thin  serous  discharge,  succeeded  in  two  or  three 
days  by  a  muco-purulent  secretion,  which  subsides  after  a  few  days, 
so  that  in  the  majority  of  cases  complete  convalescence  is  estab- 
lished within  a  week  or  ten  days.  In  hay  fever  we  can  usually  obtain 
a  historj'  of  previous  attacks  occurring  at  the  same  time  of  the  year, 
which  have  lasted  for  five  or  six  weeks,  but  if  we  see  the  patient  in 
the  first  attack  it  is  sometimes  impossible  to  determine  whether  we 
have  to  deal  with  simple  rhinitis  or  with  hay  fever.  In  such  cases 
we  must  wait  for  further  development,  and  sometimes  it  will  not  be 
possible  to  be  sure  of  our  diagnosis  until  another  year  comes  around 
with  its  periodic  attack.  A  detection  of  very  sensitive  areas  of  the 
nasal  mucous  membrane,  particularly  upon  the  posterior  part  of  the 
septum  or  the  posterior  end  of  the  inferior  turbinated  bodies,  is  of 
much  value  in  differentiating  cases,  as  these  areas  are  much  less 
common  in  simple  acute  rhinitis  than  in  hay  fever.  In  haj^  fever 
sneezing  is  a  more  prominent  symptom  than  in  acute  rhinitis,  and 
profuse  lacrymation  and  swelling  of  the  eyelids,  not  present  in  the 
latter,  are  important  symptoms. 

Spasmodic  asthma  is  distinguished  from  hay  fever  by  the  history, 
and  usually  by  the  absence  of  nasal  symptoms;  but  we  must  not 
overlook  the  fact  that  there  are  many  cases  of  so-called  spasmodic 
asthma,  that  lack  the  periodic  regularity  of  hay  fever  and  some  of  its 
essential  symptoms,  which  are  nevertheless  undoubtedly  produced  by 
causes  similar  to  those  which  excite  the  attacks  of  hay  asthma. 
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Prognosis. 


The  attacks  of  hay  fever  usually  continue  with  varying  severity 
from  four  to  six  or  eight  weeks,  according  to  the  patient's  surround- 
ings and  the  atmospheric  conditions.  The  asthmatic  attacks  may 
last  from  a  few  hours  to  two  or  three  days,  and  may  disappear  as 
suddenlj^  as  they  came.  Some  patients  become  more  susceptible  to 
the  disease  with  advancing  years  and  with  others  immunity  from  at- 
tacks is  apparently  acquired  by  avoiding  the  exciting  cause  for  a  few 
seasons.  Those  who  escape  the  attack  by  a  change  of  climate  are 
generally  much  more  comfortable  if  they  leave  home  before  the  attack 
comes  on,  and  it  is  probable  that  in  many  instances  if  this  plan  were 
followed  up  regularly  for  a  few  years  the  susceptibility  would  en- 
tirely disappear. 

Under  appropriate  treatment  many  cases  can  be  cured  and  many 
more  greatly  alleviated,  but  some  are  very  little  affected  by  any  med- 
ical measures,  though  practically  all  can  be  relieved  by  appropriate 
climatic  conditions. 

Treatment. 

In  the  treatment  of  the  disease  we  must  constantly  keep  in  mind 
the  three  important  factors  in  its  production — viz.,  the  irritating  pol- 
len or  other  substance  in  the  atmosphere,  the  neurotic  habit,  and 
the  hypersesthetic  local  condition.  In  the  great  majority  of  cases  the 
irritating  substance  in  the  atmosphere  is  an  essential  element,  and 
therefore  it  has  been  found  that  the  attack  may  commonly  be  pre- 
vented by  a  change  of  climate.  Sometimes  so  slight  a  change  as  from 
city  to  country  or  vice  versa  is  beneficial,  but  most  patients  find  great- 
est relief  in  cool  localities  by  the  Northern  lakes,  in  certain  places 
near  the  sea  shore,  or  in  some  high  altitudes  where  the  ragweed  or 
golden  rod  are  seldom  found.  A  trip  upon  the  lake  or  ocean,  remov- 
ing the  patient  from  the  pollen  in  the  atmosphere,  is  equally  effica- 
cious. In  order  to  secure  the  greatest  comfort,  the  patient  should 
leave  home  before  the  attack  is  expected,  and  should  not  return  until 
after  there  have  been  two  or  three  heavy  frosts  in  the  fall.  The 
symptoms  are  likely  to  be  greatly  aggravated  by  the  railway  journey, 
and  I  have  no  doubt  that  the  delay  in  leaving  home  or  the  irritation 
experienced  on  the  journey  often  accounts  for  symptoms  which  persist 
in  spite  of  removal  to  a  good  climate.  In  this  country  the  most  fa- 
vored spots  are  in  the  White  Mountains  of  New  Hampshire,  in  the 
Adirondacks,  and  in  the  regions  about  Macinac,  Petoskey,  or  Mar- 
quette, in  the  northern  part  of  Michigan,  or  various  places  in  north- 
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em  Wisconsin.  There  are,  however,  many  other  places  where  differ- 
ent individuals  will  escape  the  attacks,  and  no  locality  will  be  found 
equally  benej&cial  for  all  persons,  as  some  suffer  severely  where  others 
get  complete  relief.  Many  persons  escape  the  disease  in  the  high  al- 
titudes of  our  Western  States  and  Territories,  and  it  is  probable  that 
the  majority  of  jjersons  would  be  free  from  the  attacks  in  new  coun- 
tries where  the  growth  of  ragweed  or  golden  rod  is  sparse.  In  many 
places  along  the  country  roads,  but  especially  in  cultivated  fields  that 
have  been  reaped,  the  ragweed  springs  wp  in  great  abundance,  and  by 
the  latter  part  of  August  fills  the  atmosphere  with  its  pollen ;  so  that 
in  seeking  a  place  exempt  from  hay  fever,  one  should  select  a  locality 
where  there  are  few  roads  or  cultivated  fields. 

For  the  constitutional  conditions  predisposing  to  the  attack,  nerve 
tonics  and  sedatives  are  especially  indicated,  and  should  usually  be 
commenced  four  or  five  weeks  before  the  attack  is  expected.  It  is 
well  also  to  continue  them  until  convalescence  is  established ;  for  this 
purpose  various  preparations  of  quinine,  strychnine,  arsenious  acid, 
hyoscyamus,  and  asafoetida,  or  some  of  the  preparations  of  valerian 
or  camphor,  are  most  serviceable.  Though  the  bromides  would  seem 
indicated  for  the  same  purpose,  they  do  not  appear  to  have  much,  if 
any,  influence  in  preventing  the  attacks.  In  those  predisposed  to 
rheumatism  or  gout,  remedies  appropriate  for  these  diseases  should 
also  be  administered,  and  the  diet  should  be  regulated  to  .prevent  ac- 
cumulation of  nitrogenous  products  in  the  blood.  In  those  subject  to 
indigestion  the  stomach  and  bowels  should  be  carefully  regulated  pre- 
vious to  the  time  when  the  attack  is  expected. 

Among  the  remedies  which  have  seemed  to  me  most  beneficial  in 
warding  off  the  attacks  are  brucine  phosphate,  extract  of  hyoscya- 
mus, valerianate  of  quinine,  and  camphor  with  or  without  sodium 
salicylate,  salol,  phenacetin,  acetanilid,  or  asafoetida.  These  are  not 
only  advantageous  in  delaying  or  preventing  the  attack,  but  seem 
to  be  of  much  value  in  mitigating  the  patient's  suffering  during  its 
progress. 

If  we  fail  to  prevent  the  attack  we  must  endeavor  by  symptomatic 
treatment  to  reduce  the  disagreeable  symptoms  to  the  minimum. 
There  are  several  remedies  that  in  some  persons,  at  least  for  a  time, 
will  relieve  the  prominent  symptoms  of  the  disease,  but  they  are  not 
applicable  to  all  patients  alike ;  therefore  we  are  obliged  to  try  those 
that  seem  most  likely  to  accomplish  the  results,  and  if  we  do  not  suc- 
ceed with  these,  others  should  be  substituted.  In  the  early  stages 
opium  and  belladonna  in  small  doses  are  often  of  the  greatest  benefit 
for  people  who  can  take  them  without  discomfort.  For  example,  in 
suitable  cases  excellent  results  are  obtained  from  five  to  eight  drops 
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of  tlie  tincture  of  belladonna  or  the  deodorized  tincture  of  opium  or 
botli  combined ;  or  instead  of  these,  from  gr.  -^  to  gr.  \  of  morphine 
or  from  gr.  -^  to  gr.  i\^  of  atropine  or  both  combined.  Atropine  or 
hyoscjamus  m  small  doses  is  especially  useful  in  checking  the  nasal 
secretion  and  in  preventing  the  tendency  to  sneeze,  but  the  after- 
effects of  either,  especially  of  atropine,  are  peculiarly  disagreeable  to 
many  persons.  Local  stimulating  inhalations  of  camphor,  ammonia, 
iodine,  or  chloroform  are  sometimes  useful,  providing  they  are  not 
used  so  strong  as  to  increase  the  irritation. 

Itching  of  the  conjunctivae  is  best  relieved  by  weak  solutions  of 
the  acetate  of  lead,  as  recommended  by  the  late  Sir  Morell  Macken- 
zie, or  by  a  saturated  solution  of  boric  acid  in  camphor  water.  Some 
patients  will  be  more  relieved  by  a  solution  of  from  five  to  ten  grains 
to  the  ounce  of  sodium  biborate  in  camphor  water.  With  one  of  these 
the  eyes  may  be  bathed  as  frequently  as  desired,  and  a  few  drops  of 
the  same  solution  may  be  placed  within  the  lids  every  two  or  tkree 
hours.  The  rule  should  be  that  the  preparation,  whatever  it  is, 
should  not  be  strong  enough  to  cause  smarting  for  more  than  two  or 
three  minutes,  and  that  it  should  lessen  rather  than  increase  the  con- 
gestion after  a  few  hours.  Great  relief  from  the  itching  and  smart- 
ing may  sometimes  be  afforded  by  bathing  the  nose  and  eyes  with 
either  very  hot  or  very  cold  water.  The  eyes  may  be  protected  to  a 
considerable  extent  by  large  dark  glasses,  or  by  goggles  in  which  the 
glass  is  set  in  a  framework  of  fine  wire. 

The  nasal  mucous  membrane  may  be  protected  from  the  irritating 
particles  by  wearing  plugs  of  wool  in  the  nostrils,  or  by  a  respirator 
that  will  perfectly  filter  the  air;  but  most  patients  object  to  the 
wool  because  it  causes  such  tickling  as  to  become  intolerable  to 
many  of  them,  and  respirators  are  so  seldom  worn  in  this  country 
that  very  few  patients  can  be  induced  to  adopt  them.  Irritation  of 
the  lips  and  nostrils  by  the  secretions  may  be  largely  prevented 
by  the  application  of  some  kind  of  ointment  or  vaseline.  The  most 
satisfactory  ointment  that  I  have  used  for  this  purpose  is  com- 
posed of  six  grains  of  carbolic  acid,  four  minims  of  oil  of  roses, 
twenty-five  grains  of  iodol,  ten  grains  of  the  oxide  of  zinc,  to  four 
drachms  of  lanolin.  Soothing  sprays  to  the  nasal  cavities  are  very 
grateful  to  the  patient  and  often  mitigate  greatly  the  severity  of 
the  attack.  In  those  in  whom  for  any  reason  oily  applications  are 
objectionable,  a  saturated  solution  of  boric  acid  in  distilled  water  may 
be  tried.  In  other  cases  it  would  be  better  to  make  the  solution  with 
camphor  water,  and  in  still  others  it  would  be  desirable  to  add  minute 
quantities  of  atropine,  morphine,  or  cocaine.  The  latter  remedy 
should  never  be  used  in  a  strength  of  more  than  one  per  cent.,  less 
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than  this  being  preferable  in  most  instances.  Cocaine  in  larger  quan- 
tities gives  prompt  relief  to  many  cases,  at  least  for  a  time,  but  with 
protracted  use  its  effects  are  lost,  so  that  larger  doses  have  to  be  em- 
ployed, and  its  frequent  use  under  such  circumstances  is  often  fol- 
lowed by  the  most  serious  consequences.  It  is  never  safe  to  order 
cocaine  for  a  patient  without  writing  across  the  face  of  the  prescrip- 
tion that  it  must  not  be  repeated  without  a  special  order,  and  it  is 
very  much  better  for  the  physician  to  supply  the  remedy  himself,  in 
order  that  he  may  be  sure  it  is  discontinued  before  harm  results  from 
its  use.  I  have  seen  many  patients  greatly  injured  by  the  protracted 
use  of  this  drug,  and  some  whose  whole  lives  have  been  wrecked  by 
carelessness  of  the  physician  in  giving  them  a  prescription  of  which 
it  formed  a  part.  Oily  sprays  containing  various  substances  are  usu- 
ally more  benej&cial  than  aqueous  solutions,  but  occasionally  oil,  of 
whatever  kind,  appears  to  do  more  harm  than  good.  In  such  cases 
aqueous  solutions  must  be  employed.  An  excellent  nasal  spray  for 
hay  fever  during  the  season  is  composed  of  one-fourth  of  a  grain  of 
thymol,  two  minims  of  the  oil  of  cloves,  and  three  grains  of  the  al- 
kaloid cocaine  to  one  ounce  of  pure  liquid  albolene ;  but  when  the 
patient  is  going  to  a  distance,  or  if  for  any  other  reason  it  is  neces- 
sary to  give  him  a  prescription  that  may  be  duplicated,  even  this 
small  quantity  of  cocaine  is  not  safe.  The  amount  of  the  active  in-' 
gredients  in  this  prescription  may 
be  slightl}'  increased  if  the  nasal 
mucous  membrane  is  not  extremelj^ 
sensitive,  but  ordinarily  this  is  as 
strong  as  can  be  used  without  dis- 
comfort during  the  height  of  the 
attack.  Care  should  always  be 
taken  that  the  application,  what- 
ever it  may  be,  is  not  irritating. 
Sometimes  it  is  well  to  add  to  the 
abov^  prescription  haK  a  grain  to 
one  grain  of  menthol  or  half  a 
grain  of  cam£)hor.  Such  a  spray 
should  be  used  five  or  sis  times  a 
day  or  as  much  oftener  as  desired.  The  most  satisfactory  instrument 
for  this  purpose  is  the  Davidson  atomizer  No.  50,  shown  in  Fig.  5. 

A  powder  containing  three  or  four  per  cent,  of  hydrochlorate  of 
cocaine,  with  or  without  small  quantities  of  atropine  or  morphine,  is 
more  convenient  for  application  and  will  usually  give  the  patient 
great  comfort  during  the  height  of  the  attack,  but  it  is  especially  im- 
portant that  no  prescription  be  given  for  this  powder,  as  it  is  very 
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Fig.  5. 


-Davidson   Atomizer  No.  50  for  Oil. 
Oue-quarter  size. 
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liable  to  do  mucli  damage  if  long  continued.  In  whatever  way 
cocaine  is  employed  tlie  patient  should  not  use  more  than  one-third 
of  a  grain  daily,  and  this  should  not  be  long  continued.  The  powder 
that  has  proven  most  beneficial  in  such  cases  in  my  hands  contains 
from  three  to  four  per  cent,  of  the  hydrochlorate  of  cocaine,  one  aiid 
one-half  per  cent,  of  the  bicarbonate  of  sodium,  one  and  one-half  per 
cent,  of  the  biborate  of  sodium,  three  per  cent,  of  the  light  carbonate 
of  magnesium,  and  enough  sugar  of  milk  to  complete  the  quantity. 
When  the  nasal  cavities  are  sore,  or  when  there  is  much  secretion,  it 
is  often  advantageous  to  add  to  this  powder  from  one-half  to  one  per 
cent,  of  alumnol  and  fifteen  to  twenty-five  per  cent,  of  iodol.  The 
powder  is  most  conveniently  applied  with  a  small  glass  tube  about 
four  inches  in  length,  with  an  eighth  of  an  inch  calibre,  one  end  of 
which  has  been  flattened,  the  other  being  attached  to  a  rubber  tube 
about  ten  inches  long    (Fig.    6).      The  latter  being  removed,    the 


Fig.  6.— Insuflaator.    One-third  size. 

powder  is  worked  into  the  round  end  of  the  glass  tube  until  it  is 
filled  up  to  the  extent  of  from  a  quarter  to  a  half  inch,  when  the 
rubber  tube  is  again  passed  over  it.  The  patient  then  places  the 
flattened  end  of  the  tube  in  the  nostril,  and  taking  the  other  end  of 
the  rubber  tube  between  the  lips  gives  a  quick  puff  and  blows  the 
powder  thoroughly  into  the  nasal  cavity. 

During  an  attack  of  hay  fever  nasal  douches  of  weak  solutions  of 
quinine,  salicylic  acid,  sulphuric  acid,  or  other  antiseptics  have  been 
recommended  on  the  theory  that  they  would  destroy  microbes  that 
set  up  the  irritation.  It  is  well  kno-vvm  that  the  essential  cause  of  the 
irritation  is  the  pollen  of  certain  plants,  as  already  indicated,  and  it 
is  doubtful  whether  these  antiseptics  have  any  beneficial  effect  upon 
the  disease,  except  that  they  wash  out  the  irritant ;  but  it  is  certain 
that  douches  of  warm  water  containing  salines  or  other  substances 
sufficient  to  obviate  the  irritation  that  would  result  from  water  alone, 
are  sometimes  beneficial.  Some  persons  believe  that  they  have  ob- 
tained great  relief  from  some  of  the  various  washes  suggested,  and 
there  can  be  no  objection  to  trying  any  one  of  them,  providing  the 
solution  is  made  weak  in  the  beginning  and  gradually  increased  in 
strength  until  its  effects  are  determined. 

It  has  been  stated  that  this  disease  is  sometimes  due  to  the 
rheumatic  or  gouty  diathesis,  and  upon  this  hypothesis  salicylate  of 
sodium,  citrate  of  lithium,  and  other  remedies  have  been  highly  rec- 
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ommended,  but  a  physician  cannot  try  any  of  them  long  without  los- 
ing all  confidence  in  them.  Nevertheless  in  jjersons  predisposed  to 
rheumatism  or  gout,  these  remedies  may  be  helpful  in  warding  off  an 
attack  of  hay  fever  or  relieving  it,  just  as  they  might  be  in  warding 
off  or  relieving  an  attack  of  sciatica,  and  it  certainly  behooves  the 
physician  to  search  for,  and  if  possible,  remove  every  complicating 
condition. 

I  have  obtained  most  relief  by  the  internal  use  of  nerve  tonics 
and  sedatives,  such  as  brucine  phosphate,  hyoscyamus,  valerianate  of 
quinine,  and  asafoetida,  using,  however,  salol  or  the  antirheumatic 
remedies  where  they  seem  to  be  indicated.  For  relieving  the  fever 
which  not  infrequently  attends  the  attack,  acetanilid,  phenacetin,  or 
antipyrin  may  be  employed  in  small  doses.  The  asthmatic  compli- 
cations are  best  relieved  by  the  same  remedies  that  are  useful  in  spas- 
modic asthma,  yet  they  also  often  fail  to  meet  our  expectations.  In 
persons  in  whom  there  is  no  idiosyncrasy  contraindicating  the  use  of 
opium,  I  commonly  prescribe  for  the  asthmatic  attack  half  a  grain  of 
codeine,  ten  grains  of  bromide  of  potassium,  and  ten  grains  of  chloral 
in  two  drachms  of  the  syrup  of  grindelia  robusta,  to  be  repeated  in 
half  an  hour  or  an  hour  unless  relief  is  sooner  obtained.  The 
other  internal  remedies  recommended  for  asthma  and  the  various 
fumigations  that  often  relieve  the  spasmodic  affection  may  also  be 
tried  in  the  asthmatic  attacks  of  hay  fever,  but  usually  they  have  but 
little  effect.  The  irritable  condition  of  the  nasal  mucous  membrane 
and  the  unpleasant  symptoms  caused  by  its  swelling  during  the  at- 
tack may  be  relieved  in  a  large  number  of  cases  by  a  judicious  cau- 
terization. Dr.  John  O.  Koe,  of  Bochester,  thinks  that  a  very  large 
percentage  of  cases  may  be  thus  relieved  or  entireh'  cured.  Dr. 
Charles  Sajous,  now  of  Paris,  some  years  ago  stated  at  one  of  the 
meetings  of  the  American  Laryngological  Association  that  about 
forty-five  per  cent,  could  be  thus  cured,  and  about  twenty-five  per 
cent,  greatly  relieved,  but  the  remainder  were  not  materially  bene- 
fited. These  statements  appear  to  correspond  closely  with  my  own 
experience,  though  out  of  a  large  number  of  cases  that  have  been 
under  my  care,  in  comparatively  few  have  I  been  able  to  follow  the 
treatment  to  a  successful  issue,  for  the  reason  that  many  patients 
have  come  to  me  just  as  the  hay-fever  season  was  approaching,  so 
that  there  was  not  time  to  complete  the  work  before  the  attack,  and 
after  the  season  was  over  they  have  not  cared  for  treatment.  Those 
who  came  during  the  height  of  the  disease  were  not  cauterized,  as  I 
believe  in  the  great  majority  of  cases  such  treatment  would  be  worse 
than  useless.  There  are  certainly  a  good  many — and  I  believe  the 
percentage  is  not  far  from  that  stated  by  Sajous — who  may  be  greatly 
Vol.  VII.— 13 


194  INGALS — HAT  FEVER. 

benefited  or  cured  by  proper  cauterizations,  the  removal  of  polypi 
or  obstructing  spurs  from  tlie  septum,  or  the  reduction  of  hyper- 
tropiiies  of  tlie  turbinated  bodies. 

In  practically  all  cases  of  liay  fever  an  examination  of  tlie  nasal 
mucous  membrane  by  the  probe  will  reveal  one  or  more  hypersensi- 
tive spots,  wliicli  are  most  apt  to  be  located  at  the  upper  and  back 
part  of  the  septum  and  posterior  ends  of  the  inferior  turbinated  bodies. 
The  hypersensitiveness  is  also  common  on  the  anterior  portion  of  the 
inferior  turbinated,  and  it  is  not  very  infrequent  on  the  middle  turbi- 
nated bodies.  In  severe  cases  it  may  extend  over  the  greater  portion 
of  the  nasal  mucous  membrane.  In  many  cases  swelling  of  the  in- 
ferior or  middle  turbinated  bodies  is  also  observed,  but  it  may  not  be 
present  during  the  intervals,  though  it  is  usually  present  at  some  time 
during  the  attack.  In  a  considerable  number  of  these  patients  spurs 
from  the  septum  are  noticed,  but  they  are  seldom  if  ever  the  cause  of 
the  hay  fever;  indeed,  in  the  majority  it  is  doubtful  whether  these 
spurs  have  anything  to  do  with  the  irritability  of  the  mucous  mem- 
brane, for  it  has  been  demonstrated  that  out  of  a  hundred  supposedly 
healthy  persons  about  fifty  per  cent,  will  have  such  s]purs  from  the 
septum.  However,  there  are  some  cases  in  which  a  spur  stands  out 
prominently  and  sharply  so  as  to  impinge  against  the  mucous  mem- 
brane of  the  opposite  side  of  the  nasal  cavity,  particularly  when  it  is 
swollen,  and  in  these  it  is  generally  found  necessary  to  remove  the 
spur  before  much  relief  can  be  obtained.  I  would  therefore  recom- 
mend that  jjermanent  obstructions  in  the  nasal  cavity  be  removed, 
that  hypertrophies  or  even  swellings  of  the  turbinated  bodies  be  re- 
duced, and  that  hypersensitive  spots  be  superficially  cauterized. 

Spurs  may  be  removed  with  the  cautery,  trephine,  saw,  or  chisel, 
according  to  the  judgment  and  skill  of  the  operator.     Hypertrophied 


Fig.  7.— Aluminium  Applicator.    One-half  s — 

turbinated  tissue  may  be  removed  by  the  snare  or  scissors  when  ex- 
tensive, but  when  moderate  or  when  the  tissues  are  simply  swollen, 
it  is  best  to  reduce  the  obstructing  mass  by  linear  cauterizations, 
which  to  my  mind  answer  a  much  better  purpose  than  small  cau- 
terizations here  and  there  with  a  galvano-cautery  point.  I  am  also 
strongly  in  favor  of  the  galvano-cautery  in  preference  to  chromic  acid 
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or  other  caustics,  thougli  there  is  no  doubt  that  these  latter  may  be 
used  effectively  iu  some  cases.  I  am  sutistied  that  the  paiu  and  dis- 
comfort caused  the  patient  are  usually  much  greater  with  chemical 
caustics  than  with  the  galvano-cautery,  and  the  results  have  not 
seemd  to  me  so  thorough.  If  mucous  polypi  are  present,  they  must 
be  removed  by  means  of  the  snare  or  cautery  or  otherwise  as  may 
seem  best  to  the  operator.  Before  attempting  any  of  these  operations 
the  parts  should  be  thoroughly  anresthetized  with  cocaine,  which  is 
best  applied  by  means  of  a  thin  cotton  swab  wound  upon  a  flat  alumin- 
ium probe  as  shown  in  Fig.  7. 

The  solution  of  cocaine  that  I  i^refer,  because  of  its  speedy  action 
and  the  comparative  absence  of  constitutional  effects,  is  the  following : 

I^  AtropinfE gr-  tV 

StropHanthini, gr.  ^ 

CocainoB  hydrocbloratis,     .         .         .'       .         .         .  gr.  xx. 

Acidi  carbolici,  .......  gr.  v. 

Olei  caryophylli,        .......  ni,  v. 

AqufE, q.  s.  ad    5  i. 

Misce  et  sig.  Use  locally. 

In  producing  local  anaesthesia  this  solution  is  thoroughly  rubbed 
over  the  parts  with  a  thin  swab  of  cotton,  the  patient  is  then  allowed 
to  wait  for  a  minute  or  a  minute  and  a  half,  when  the  application  is 
repeated.  From  two  to  five  applications  are  usually  sufficient,  but  in 
those  who  have  been  using  cocaine  to  relieve  the  hay  fever  or  in 
those  in  whom  the  parts  are  peculiarly  sensitive,  ten  or  a  dozen  ap- 
plications may  be  necessary ;  and  now  and  then  a  case  is  met  with 
where  a  ten-per-cent.  solution  of  cocaine  must  be  applied  before  anses- 
thesia  can  be  secured.  I  have  occasionally  found  it  necessarj^  to  have 
a  patient  discontinue  the  use  of  cocaine  and  wait  a  few  weeks  before 
commencing  treatment  in  order  to  secure  sufficient  anaesthesia  from 
the  drug. 

When  the  turbinated  bodies  are  swollen  or  moderately  hyper- 
trophied  they  may  be  most  satisfactorily  reduced  by  deep  linear  cau- 
terizations made  with  the  electrode  shown  in  Fig.  8. 


Fig.  8.— Knife  Electrode.     Half  size.     Platinum  blade  of  No.  21  wire.  ' 

This  instrument  is  five  inches  long,  and  the  platinum  knife  at  its 
distal  end  is  five-eighths  of  an  inch  in  length  and  consists  of  a  No.  21 
platinum  wire  soldered  into  the  copper  stems. 

In  making  the  linear  cauterizations,  after  the  parts  have  been 
thoroughly  anaesthetized,  this  is  passed  through  the  naris  to  the  back 
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end  of  the  body  to  be  cauterized.  Tlie  patient  is  then  told  to  hold 
his  breath  in  order  to  escape  the  disagreeable  taste  of  the  smoke,  the 
platinum  wire  or  knife  is  pressed  against  the  tissues,  the  electric  cur- 
rent is  turned  on  sufficiently  to  heat  the  wire  to  a  white  heat  in  a 
second  and  a  half ;  it  is  then  drawn  slowly  forwards,  sometimes  being 
moved  back  and  forth  until  the  soft  tissues  are  burned  through  and 
the  bone  is  slightly  touched  in  two  or  three  places  along  the  course  of 
the  burn.  Commonly  I  make  the  linear  cauterizations  from  the  back 
entirely  to  the  front  end  of  the  turbinated  at  one  time.  A  similar 
cauterization  may  be  made  upon  the  opposite  side  of  the  nose  at  the 
end  of  two  or  three  weeks,  but  not  sooner ;  thus  two  or  three  cau- 


FiG.  9.— Guarded  Electrode.    One-half  size.    Platinum   end  of  No.  21    -svire,  guard   of 

vulcanized  fibre. 

terizations  may  be  made  on  each  side,  seldom  more  than  two  being 
required  for  the  swelling  or  hypertrophy  of  the  turbinals.  The  su- 
perficial cauterizations  are  made  by  means  of  a  flat  guarded  electrode, 
as  shown  in  Fig.  9. 

This  electrode  is  about  five  inches  in  length  and  has  a  point  of 
number  Xo.  21  platinum  wire  which  is  guarded  upon  one  side  by  vul- 
canized fibre  so  as  to  prevent  burning  the  opposite  side  of  the  naris. 
The  superficial  cauterizations  are  not  intended  to  destroy  tissue,  but 
to  act  more  as  a  blister  would  upon  the  skin.  Indeed,  after  they  have 
been  made  no  scar  should  be  left.  In  performing  the  operation,  after 
ansesthesia  has  been  secured,  the  naris  should  be  sprayed  with  liquid 
albolene.  The  flat  electrode  is  then  introduced,  and  when  heated  is 
rubbed  quickly  over  the  spot  to  be  cauterized  until  the  mucous  mem- 
brane is  thoroughly  whitened,  having  much  the  appearance  it  would 
have  if  touched  by  the  solid  nitrate  of  silver.  It  is  seldom  wise  to 
cauterize  a  spot  more  than  half  an  inch  in  diameter,  though  occasion- 
ally patients  will  tolerate  more,  and  in  very  sensitive  patients  it  is 
better  to  do  even  less.  Cauterizations  of  this  kind  may  be  repeated 
more  frequently  than  the  deep  linear  burns  above  referred  to.  I  have 
sometimes  made  these  operations  on  a  patient  as  often  as  three  times 
a  week,  but  this  is  too  often  for  the  comfort  of  the  patient,  and  such 
frequency  cannot  be  recommended  excepting  in  rare  cases  peculiarly 
conditioned ;  even  then  they  ought  not  to  be  made  of tener  than  once 
in  five  or  six  days,  and  when  thus  close  together  they  should  be  al- 
ternately in  the  opposite  nasal  cavities,  so  that  the  reaction  caused 
by  the  cauterization  may  not  light  up  inflammation  again  in  the  parts 
affected  by  the  one  that  preceded  it.  Cauterizations  like  that  just 
described  should  be  carried  out  over  aU  of  the  sensitive  mucous  mem- 
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brane  in  the  nasal  cavities,  and  occasional!}^  they  will  have  to  be  re- 
peated once  or  twice  in  the  most  sensitive  spots,  because  the  bum  is 
not  always  deep  enough  at  first.  Notwithstanding  this  it  is  better  to 
make  the  bui-ns  too  superficial  than  too  deep,  because  it  would  be  a 
great  misfortune  to  the  patient  to  have  the  mucous  membrane  de- 
stroyed and  replaced  by  cicati'icial  tissue,  a  result  that  not  infre- 
quently follows  the  work  of  novices.  After  nasal  cauterizations,  we 
may  give  the  patient  some  cotton  wool  to  wear  in  the  nostril  of  that 
side  for  four  or  five  days  to  prevent  taking  cold,  the  direction  being 
that  he  wear  it  whenever  out  of  doors  but  not  when  in  the  house,  un- 
less he  so  desires.  We  should  also  give  the  patient  a  spray  containing 
a  third  of  a  grain  of  thymol  with  three  minims  of  the  oil  of  cloves  to 
the  ounce  of  liquid  albolene,  which  he  is  directed  to  spray  freely  into 
both  nasal  cavities  three  or  four  or  more  times  a  day  during  the  en- 
tire treatment.  The  patient  should  have  a  certain  amount  of  the 
cocaine  powder  already  mentioned,  of  which  he  is  directed  to  throw 
a  small  quantity  into  the  nose  two  or  three  times  a  day,  if  it  be- 
comes obstructed,  for  the  purpose  of  keeping  down  the  swelling. 
About  four  days  later,  in  cases  of  the  linear  cauterizations,  this  pow- 
der is  modified  by  adding  twenty-five  per  cent,  of  iodol,  and  the  pa- 
tient is  directed  to  use  it  only  once  or  twice  a  day ;  this  latter  powder 
is  sometimes  given  immediately  after  superficial  cauterization  in- 
stead of  that  first  recommended. 

By  this  method  we  may  get  rid  of  the  hypersensitiveness  of  the 
nasal  mucous  membrane  and  may  cure,  or  at  least  relieve,  very 
many  of  the  symptoms  of  hay  fever.  Cauterizations  should  cease 
as  soon  as  all  of  the  sensitive  membrane  has  been  treated.  Med- 
dlesome surgery  is  quite  as  much  to  be  deprecated  in  the  nose  as 
in  any  other  part  of  the  body,  and  we  should  never  forget  that  it 
is  much  better  to  do  too  little  than  too  much.  As  soon  as  all  the 
sensitive  surface  appears  to  have  been  reached,  the  patient  is  told 
to  use  the  spray  already  recommended  three  or  four  times  a  day 
for  a  few  months  in  order  that  the  parts  may  perfectly  heal,  and 
we  may  determine  whether  more  cauterization  is  necessary.  It  fre- 
quently happens  that  the  following  year,  or  sometimes  two  years 
later,  it  will  be  found  necessary  to  cauterize  a  few  other  spots,  or 
perhaps  some  of  the  same  spots  first  cauterized,  in  order  to  accom- 
plish the  desired  results.  In  mild  cases  ten  or  twelve  cauteriza- 
tions are  sufiicient,  but  in  the  more  severe  twenty  or  thirty  or  even 
more  may  be  needed  to  cure  the  whole  Schneiderian  membrane  of 
its  hypersensitiveness.  The  treatment  is  best  can"ied  out  during  the 
warmer  portions  of  the  year,  that  is  in  the  spring  preceding  the  at- 
tack of  hay  fever  or  in  the  fall  after  it  has  disappeared,  and  it  is 
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best  to  proceed  slowly  in  order  to  give  tlie  patient  as  little  discom- 
fort as  possible.  There  is  no  need  of  continuous  treatment  in  such 
cases,  and  we  can  see  no  excuse  for  the  daily  attendance  of  the  pa- 
tient at  the  physician's  office.  Between  the  superficial  cauteriza- 
tions nothing  whatever  is  likely  to  be  needed  by  the  patient  except- 
ing what  he  may  himself  accomplish  by  means  of  the  spray  and 
powder  already  referred  to. 

Although  cauterizations  during  the  height  of  the  attack  of  hay 
fever  have  occasionally  been  followed  by  beneficial  results,  the  prac- 
tice cannot  be  advised,  because  it  is  likely  to  do  more  harm  than 
good;  therefore  during  the  attack  we  recommend  symptomatic  treat- 
ment only,  to  give  the  patient  as  much  comfort  as  possible.  Preced- 
ing the  attack  we  attempt  to  prevent  it,  and  in  the  intervals  we  en- 
deavor by  proper  cauterizations  to  remove  its  cause,  provided  this  is 
located  in  the  nasal  cavities.  When  asthma  has  already  developed 
we  cannot  expect  as  much  from  cauterization  as  in  cases  where  the 
symptoms  are  still  chiefly  nasal,  though  even  in  the  former  the  most 
satisfactory  results  are  sometimes  obtained.  This  will  be  shown  in 
one  of  the  following  cases  that  are  here  reported  merely  to  illustrate 
what  may  be  accomplished  in  typical  cases  of  hay  fever  by  cauteriza- 
tions of  the  hypersensitive  nasal  mucous  membrane. 

Case  I. — The  following  illustrates  the  good  results  that  may 
sometimes  attend  simple  tentative  treatment.  The  patient,  M. 
G.,  aged  8  years,  was  brought  to  me  in  May,  1892,  complaining  of 
frequent  sneezing  caused  by  dust  and  other  irritants  and  well-marked 
symptoms  of  hay  fever  during  the  fall  for  the  last  three  or  four  years. 
The  diagrams  10,  11,  12,  and  13  show  the  areas  that  were  hypersensi- 
tive at  the  beginning  of  treatment.  In  this  case,  owing  to  the  child's 
age,  her  distance  from  home,  and  her  inability  to  remain  in  the  city, 
it  was  deemed  best  to  try  tentative  treatment.  She  was  therefore 
given  an  oily  spray  containing  four  minims  of  the  oil  of  cloves  to  the 
ounce  of  liquid  albolene ;  this  she  used  freely  for  a  short  time,  and 
afterwards  used  liquid  albolene  alone  continuously  whenever  she  was 
subject  to  sneezing  spells  and  during  the  hay-fever  season,  with  the 
results  of  completely  overcoming  the  disease  in  about  two  years. 

Case  II. — ^Mrs.  E.  S.,  aged  48,  has  had  hay  fever  every  summer 
for  eighteen  years,  beginning  about  the  1st  of  September,  and  for  the 
last  three  years  has  had  asthma,  not  confined  to  the  hay-fever  season. 
The  hay  fever  in  this  patient  is  usually  ushered  in  by  symptoms  of 
gastric  and  intestinal  indigestion  produced  by  various  foods,  and  it  is 
an  interesting  fact  that  with  her  green  corn  or  watermelon  will  give 
great  distress  at  this  season,  though  at  other  times  she  enjoys  them 
very  much  and  they  are  eaten  with  impunity.  This  patient  first 
came  under  my  care  in  April,  1893.  She  had  previously  been  a  very 
healthy  woman  excepting  for  the  hay  fever  and  slight  attacks  of 
rheumatism  and  the  asthmatic  attacks  already  referred  to.     During 
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Fig.  11.— Right  Side  of  Septum. 


Fig.  13.— Left  Side  of  Septum. 

Cask  I.— Figs.  10-1.3— Diagrams  Showing  Sensitive  Areas  at  the  Beginning  of  Treatment.    No 
cauterizations  made.    The  wavy  lines  indicate  the  boundaries  of  the  sensitive  areas. 
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Mays,  1893. 


April  13,  1893. 


S  E:  N  5  1 T 1 V  E       q June  29,  1893. 


AprU  22,  1893. 


April  3,  1893. 
May  13,  1893. 

April  13,  1893, 
May  26,  1893. 


^/-z  •      -.  /       -     ^■,,-w^    April  8,  1893. 

July  3,  1893.- J^'  /  ,'       )/    ^^ 

//  {        /^^f^^         \     //         % 

JTl  I     S/ENSITIVEV  % 

Xl      ^- X  /\  \ 

May  SO,  1893. 

April  17,  1893. 


Fig.  17.— Left  Side  of  Septum. 

Case  II. — Figs.  14-17.— Diagrams  Showing  Original  Sensitive  Areas  and  Early  Cauterizations. 
The  wavy  lines  represent  the  boundaries  of  the  sensitive  areas  ;  the  dotted  lines  limits  of  tlie 
superficial  cauterizations.     The  dates  are  those  of  the  several  cauterizations. 
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June  l;^,  1894. 


May  18,  1884. 

June  22,  1805. 
May  20,  1804. 


May  14,  1894; 
and  June  1,1 895 


Nov.  23,  1895. 


July  3,  1894. 


May  8,  1894. 


Fig.  18.— Right  Turbinated  Bodies. 


June  22,  1895. 
May  24,  1894. 


June  15, 1895. 


Fig.  20.— Left  Turbinated  Bodies. 


June  8,  1894. 


May  21,  1894. 


Fig.  21.— Left  Side  of  Septum. 

Case  II.— Figs.  ]8-21.—Diagrauis  Showing  Late  Cauterizations,  Some  of  Tliem  Extending  Over  the 
Areas  Formerly  Cauterized.  Thirty  operations  in  all.  The  heavy  lines  in  Fig.  15  represent 
the  site  of  deep  huear  cauterizations.     The  dates  are  those  of  tlie  several  cauterizations. 
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May  28,  1892. 
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Oct.  29,  1891. 


Fig.  25.— Left  Side  of  Septum. 


Feb.  20,  1892. 


May  2,  1893. 


Nov.  18,  1891. 


Nov.  19,  1892. 


May  26, 1892. 


Nov.  19,  1892. 


Case  in,— Figs.  22-25. —Diagrams  Showing  Original  Sensitive  Areas  and  Areas  Cauterized.  The 
dates  are  those  of  the  several  operations.  The  wavy  lines  represent  the  boundaries  of  the  sen- 
sitive areas  ;  the  light  broken  lines  mark  the  limits  of  the  superficially  cauterized  areas  ;  the 
heavy  lines  indicate  deep  linear  cauterizations. 
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her  treatment  various  remedies  alread}^  recommended  were  em- 
ployed from  time  to  time.  During  the  spring  and  summer  of  1893 
the  sensitive  areas  of  the  nasal  mucous  memlDrane  were  cauterized, 
as  shown  in  the  diagrams  14,  15,  16,  and  17. 

During  that  autumji,  though  she  remained  in  Chicago  subject  to  all 
of  the  influences  of  hay  fever,  she  escaped  the  attack  for  the  first  time 
in  eighteen  years;  but  later  she  had  a  few  slight  attacks  of  asthma. 
The  following  year  it  was  found  necessary  to  cauterize  a  few  more 
spots  and  she  again  escaped  the  hay  fever,  although  she  was  sub- 
jected to  all  the  influences  that  had  commonl}^  produced  it.  In  June, 
1895,  it  was  noted  that  there  were  no  sensitive  places  in  the  left  nasal 
cavity,  but  some  small  spots  were  found  in  the  right  side  and  a  few 
more  cauterizations  were  made.  She  was  away  for  a  couple  of  weeks 
during  the  summer  of  1895,  but  suffered  none  from  the  nasal  symp- 
toms of  hay  fever,  either  before  she  went  away,  while  she  was  gone, 
or  after  her  return,  though  she  came  back  the  27th  of  August.  She 
had  three  or  four  slight  attacks  of  asthma  during  the  months  of  Sep- 
tember, October,  and  November;  they  were  in  no  instance  severe. 
Although  the  good  results  in  this  case  are  in  part  due  to  the  remedies 
employed,  the  prevention  of  the  attacks  of  hay  fever  must  be  largely 
attributed  to  the  cauterizations.  At  present  I  find  no  hypersensitive 
areas  in  the  nasal  chambers.  The  diagrams  18,  19,  20,  and  21  show 
the  cauterizations  that  were  made  in  1894  and  1895,  very  few  of  them 
being  made  in  the  latter  year. 

Case  III.— Mr.  T.  F.  J.,  aged  43,  came  to  me  in  October,  1891, 
suffering  from  cough  which  had  been  present  for  three  months,  and 
asthma  that  had  troubled  him  more  or  less  for  several  years.  He 
complained  of  a  good  deal  of  obstruction  in  the  nose  and  excessive 
secretion  with  crackling  sounds  in  the  ears.  He  had  been  subject  to 
severe  attacks  of  hay  fever  for  several  years.  His  general  health  was 
good ;  he  had  never  had  rheumatism  or  suffered  from  other  illness 
excepting  the  diseases  of  childhood,  but  was  troubled  somewhat  with 
indigestion.     There  were  no  abnormal  signs  over  the  lungs  or  heart. 

The  nasal  cavities  were  about  two-thirds  closed  by  swelling  of  the 
turbinated  bodies,  the  pharynx  was  relaxed  and  sensitive,  the  tonsils 
slightly  enlarged,  the  larynx  normal.  Upon  examination  with  a  flat 
probe  large  sensitive  areas  were  discovered  in  the  nasal  cavities  upon 
iDoth  sides  and  it  was  demonstrated  that  the  partial  closure  of  these 
ca^dties  was  due  to  swelling  of  the  soft  tissues.  Cauterizations  were 
made  at  inteiwals  during  1891,  1892,  and  1893,  as  shown  by  the  dia- 
grams 22,  23,  24,  and  25. 

During  the  fall  of  1892  he  had  considerable  hay  fever,  though  less 
than  in  the  previous  years,  but  the  asthma  was  very  annoying.  Dur- 
ing 1893  the  cauterizations  were  completed  and  I  saw  nothing  more 
of  the  patient  until  November,  1895,  when  he  told  me  that  he  had 
been  practically  free  from  hay  fever  for  the  last  two  years  and  had  had 
very  little  asthma,  but  the  paroxysms  were  again  returning.  At  this 
time  the  nasal  mucous  membrane  was  found  to  be  normal.  During 
the  last  two  years  he  had  been  exposed  to  the  same  conditions  as  for- 
merly and  had  taken  very  little  precaution  to  prevent  the  hay  fever, 
so  that  the  relief  must  be  attributed  to  the  cauterizations. 
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The  diseases  of  the  mediastinum  form  one  of  tlie  shortest  chapters 
in  pathology.  Indeed,  they  are  relatively  of  infrequent  occuiTence; 
and,  as  an  accurate  diagnosis  of  their  nature  is  almost  always  difficult, 
and  successful  treatment  of  them  is  exceedingly  rare,  it  is  not  sur- 
prising that  their  description  is  circumscribed  to  very  narrow  limits. 
The  mediastinal  region,  however,  by  reason  of  the  important  organs 
wholly  or  in  part  contained  in  it,  presents  a  most  interesting  field  for 
anatomical  study;  and  the  disorders,  primary  or  secondary,  of  these 
organs  constitute  the  entire  pathology  of  the  mediastinum  and  fur- 
nish also  its  general  symptomatology. 

By  the  term  mediastinum  is  understood  a  cavity  comprised  within 
the  thorax,  between  the  sternum  in  front,  the  spinal  column  behind, 
and  the  internal  surface  of  the  lungs  on  either  side.  The  root  of  the 
lung  forms  a- sort  of  pivot  serving  as  a  dividing  point  between  two 
secondary  regions  which  early  writers  chose  to  describe  separately  as 
anterior  mediastinum  and  posterior  mediastinum,  the  former  com- 
prised between  the  sternum  and  the  root  of  the  lungs,  the  latter  be- 
tween the  root  of  the  lungs  and  the  vertebral  column.  Such  an  ab- 
solute distinction  is  now  rejected  by  anatomists,  who  admit  but  one 
mediastinum,  although  still,  for  convenience  of  description",  dividing 
it  into  two  parts,  anterior  and  posterior. 

Without  entering  into  further  anatomical  details  foreign  to  our 
province,  we  shall  simply  enumerate  the  important  organs  found  in 
this  region;  these  are  the  thymus,  the  heart  and  pericardium,  the 
arch  of  the  aorta  and  the  cardiac  plexus,  the  innominate  artery  and 
vein,  the  superior  vena  cava,  the  common  carotid  and  subclavian 
arteries,  the  pneumogastric,  recurrent,  and  phrenic  nerves,  the 
trachea,  the  bronchise,  the  pulmonary  arteries  and  veins,  the  thoracic 
aorta,  the  oesophagus,  the  large  azygos  vein,  the  small  azj'gos  vein, 
the  thoracic  duct,  and  the  ramifications  of  the  sympathetic  nerve. 
All  these  different  organs  are  enclosed  in  a  mass  of  cellular  tissue,  in 
the  midst  of  which  are  found  also  numerous  lymphatic  ganglia  of 
varying  size.  These  ganglia  serve  as  the  points  of  convergence  for  all 
the  lymphatic  vessels  of  the  neighboring  organs,  and  receive  also 


208  MAIN — DISEASES  OF  THE  MEDIASTINUM. 

those  from  the  lungs,  broncliise,  trachea,  pericardium,  and  heart,  as 
well  as  those  proceeding  from  the  walls  of  the  thoracic  cage.  We 
shall  not  dwell  upon  the  arrangement  of  these  ganglia,  of  which  cer- 
tain authors  distinguish  a  number  of  leading  groups,  but  there  is 
one  particular  to  which  we  wish  to  direct  attention,  namely,  the  very 
great  importance  they  bear  in  relation  to  pathology,  and  the  part 
they  invariably  play  in  all  diseases  of  the  mediastinal  region.  In- 
deed, one  might  almost  say  that  every  affection  essentially  of  the 
mediastinum  is  an  affection  of  these  ganglia. 

From  the  foregoing  enumeration  of  the  parts  found  in  this  region, 
it  might  be  inferred  that  the  diseases  of  those  different  organs  per- 
tain to  the  i^athology  of  the  mediastinum.  This,  however,  is  not  the 
case,  for  the  description  of  those  diseases  will  be  found  in  other  parts 
of  this  work.  We  need  refer  here  only  to  aneurysm  of  the  aorta  and 
cancer  of  the  oesophagus,  which  affections  by  their  location  form  a 
part  of  the  pathology  of  the  mediastinum,  but  which  are  studied  else- 
where. This  elimination  being  made,  there  remain  for  us  to  deal 
with  here  only  tumors  arising  from  the  lymphatic  ganglia  and  ab- 
scesses. 

Tumors. 

Before  considering  in  detail  the  various  tumors,  their  nature  and 
etiology,  it  would  seem  well  to  present  at  this  point  a  comprehensive 
view  of  the  general  symptomatology  of  these  diseases  of  the  medi- 
astinum. Whatever  be  the  histological  character  of  a  particular 
growth  owing  to  the  relations  and  functions  of  neighboring  important 
organs,  there  is  almost  always  observable  a  certain  identity  of  type 
which  may  be  described  here.  This  description  embodies  all  that  is 
most  valuable  in  the  study  of  mediastinal  diseases ;  for,  although  it 
is  quite  often  impossible  to  determine  with  precision  the  nature  of  the 
affection,  it  is  for  the  most  part  practicable  to  diagnose  the  region 
affected. 

Symptoms. 

When,  upon  viewing  a  patient,  the  attention  is  attracted  in  the 
direction  of  the  mediastinum,  the  first  thing  to  do  it  is  to  uncover  the 
thorax  completely  and  examine  it  carefully.  In  this  way  a  more  or 
less  marked  irregularity  of  form  may  often  be  observed  over  the 
sternal  region.  Indeed,  mediastinal  tumors,  whichever  be  the  organ 
from  which  they  take  their  origin,  have  a  tendency,  on  attaining  a 
certain  bulk,  to  push  the  sternum  outwards,  particularly  its  lower  ex- 
tremity, and  thus  the  eye  may  detect  a  slight  abnormal  convexity  or 
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elevation  of  the  surface.  This  sign  may  in  like  manner  be  discerned 
around  the  sterno-clavicular  articulations.  We  shall  mention  only 
incidentally  the  pulsations  which  the  observer  may  perceive  in  this 
region  when  there  has  been  waste  of  the  osseous  tissue,  as  in  cases 
of  aneurysm  of  the  aorta.  As  has  already  been  remarked,  it  is  in  con- 
nection with  this  disease  that  these  special  symptoms  should  be  de- 
scribed. Palpation  of  the  region  may  reveal,  in  the  supraclavicular 
hollow,  the  presence  of  ganglia  of  varying  size,  whose  nature  and  con- 
sistence may  possibly  afford  an  idea  of  those  included  in  the  medias- 
tinal cavity.  Inspection  and  palpation  of  the  affected  region  should 
of  course  be  followed  up  by  percussion  and  auscultation,  as  valuable 
diagnostic  aids.  Percussion  reveals  a  dull  area,  where  normally 
resonance  should  be  elicited,  varying  in  extent  with  the  volume  of 
the  tumors,  the  percussion  note  elsewhere  in  the  thorax  being  in 
general  observed  to  be  normal.  Auscultation  discloses  a  variety  of 
symptoms — bronchitis,  emphysema,  and  fine  rales — indicative  of  con- 
gestion of  the  pulmonary  tissue. 

But  a  circumstance  of  peculiar  interest,  in  cases  of  this  order, 
and  which  we  shall  have  occasion  to  mention  again  by  and  by,  is  the 
frequent  existence  of  compression  of  a  bronchus  by  the  tumor.  It  is 
mostly  on  the  left  side  that  this  compression  occurs,  and,  conse- 
quently, that  the  following  symptom  is  observed:  Auscultation 
shows  the  patient's  breathing  to  be  normal,  or  nearly  so,  on  the  right 
side,  but  on  passing  to  the  left  side  one  is  astonished  at  the  almost 
total  absence  of  sound.  The  vesicular  murmur  has  either  disappeared 
altogether  or  undergone  marked  diminution;  and  one's  first  thought 
is  of  pleuritic  effusion,  but  percussion  shows  an  absence  of  flatness. 
"We  have,  therefore,  a  lung  into  which  the  air  either  does  not  pene- 
trate at  all  or  penetrates  imperfectly,  owing  to  compression  of  the 
principal  bronchus. 

Auscultation  of  the  heart  may  also  furnish  valuable  signs. 
The  bruits  are  often  weak,  the  action  is  slow,  and  frequently 
there  is  a  murmur  which  may  erroneously  be  taken  for  a 
symptom  of  cardiac  or  vascular  disease.  The  difficulty  is  cer- 
tainly very  great  in  certain  cases,  and  frequent  auscultation  of  the 
patient,  in  different  positions,  alternate]}'  lying  and  standing,  as 
suggested  bj'  Potain,  becomes  necessary.  Again,  the  murmur 
presents  at  times  different  degrees  of  intensity,  and  has  even  been 
known  to  disappear  in  advanced  stages  of  the  disease,  an  indi- 
cation that  no  cardiac  lesion  existed,  but  merely  compression  of 
some  large  blood-vessel. 

Side  by  side  with  these  first  symptoms  there  are  others,  no  less 
important,  which  are  also  occasioned  by  the  mechanical  embarrass- 
YoL.  VII.— 14 
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menfc  and  tlie  compression  produced  by  the  mediastinal  tumor.  These 
phenomena  affect  the  trachea  and  bronchial  tubes,  and  both  the  vas- 
cular and  nervous  systems. 

Concerning  the  trachea,  we  have  seen  how  much  may  be  learned 
from  auscultation  when  compression  exists.  Let  us  now  recall  the 
diminished  intensity  of  the  vesicular  murmur,  coexistent  with  normal 
percussion  sound.  We  may  at  times  observe  the  presence  of  cornage, 
that  is  to  say,  a  wheezing  sound  heard  during  inspiration,  and  pro- 
duced by  the  air  passing  through  a  narrowed  passage ;  and,  latelj-^, 
attention  has  been  directed  to  the  phenomeonn  called  tirage,  pro- 
duced by  the  depression  of  the  upper  part  of  the  sternum  during 
inspiration,  and  also  due  to  the  tracheobronchial  compression.  This 
phenomenon  occurs  only  in  cases  of  very  great  oppression  and  when 
the  bronchus  is  almost  totally  occluded.  The  dyspnoea  is  usually  of 
nervous  origin,  although  in  certain  cases  the  difficulty  in  respira- 
tion seems  to  be  due  to  direct  compression  of  the  pulmonary  tissue, 
since  the  intensity  of  the  symptom  varies  with  the  posture  of  the 
patient.  When  the  latter  stoops  forward,  for  instance,  the  dyspnoea 
will  subside,  as  if  in  that  position  the  tumor  causing  the  obstruction 
left  its  pulmonary  cushion  temporarily  to  bear  against  the  posterior 
surface  of  the  sternum. 

In  the  circulatory  system  we  have  to  point  out  some  noticeable 
signs  which  are  often  among  the  first  to  arrest  the  observer's  atten- 
tion. It  is  easily  understood  that  the  compression  caused  by  a 
mediastinal  tumor  will  determine  in  the  vessels  so  interfered  with 
blood  stasis,  accompanied  by  dilatation  of  the  vessels  themselves,  con- 
gestion, and  oedema,  the  symptoms  possibly  varying  with  the  intensity 
of  the  pressure  in  the  different  vessels.  If  the  pressure  bears  upon 
the  arterial  system — the  truncus  brachiocephalicus  or  the  subclavian 
artery,  for  instance — the  radial  pulse  may  be  found  considerably 
weakened  on  one  side,  as  may  be  seen  by  comparing  it  with  the  pul- 
sations on  the  two  sides.  But  in  general  there  is  nothing  more  strik- 
ing than  the  signs  of  venous  compression,  though  they  do  not  occur 
in  all  cases.  The  patient  may  exhibit  dilatation  of  the  veins — jugu- 
lar, subcutaneous,  etc. — and,  if  the  collateral  circulation  be  slug- 
gish, cyanosis  and  oedema.  The  eyes  are  red  and  injected,  the 
lips  purple,  and  the  face  more  or  less  livid.  When  oedema  exists  the 
symptom  is  observed  in  the  face,  hands,  and  thorax,  sometimes  on 
both  sides,  though  often  circumscribed  to  one  side  only.  Of  oedema 
of  the  lower  members  but  a  few  cases  are  to  be  found  on  record 
in  the  literature  of  diseases  of  the  mediastinum.  Consequent  upon 
this  passive  congestion,  the  patients  complain  of  headache,  dizzi- 
ness, and  frequent  bleeding  from  the  nose.     Thus  we  see  that  com- 
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I)ressiou  of  tlie  blood-vessels  plays  an  important  part  in  the  sympto- 
matology of  mediastinal  tumors. 

The  nervous  system,  too,  furnishes  signs  of  great  value,  arising 
from  structural  changes  of  the  imjjortant  nerves  of  the  region,  namely, 
the  pneumogastric,  recurrent  laryngeal,  phrenic,  and  great  sympa- 
thetic. Hence  the  cough  commonly  observed — a  peculiar  cough  of 
nervous  origin,  the  pertussis-like  {coquelacJioide)  cough  which  Gueneau 
de  Mussy  regarded  as  characteristic  of  tracheobronchial  adenopathy. 

Dyspnoea  and  oppression  are  also  symptoms  of  frequent  occur- 
rence. This  dyspnoea  may  assume  one  of  two  different  aspects :  it 
may  be  either  continual  and  of  uniform  intensity,  or  susceptible  of 
exacerbation  under  the  influence  of  certain  causes,  as,  for  instance,  a 
particular  movement  or  change  of  position.  Genuine,  characteristic 
paroxysms  of  asthma  are  not  unusual,  and  attacks  of  angina  pec- 
toris, with  all  their  attendant  sj^mptoms,  are  sometimes  observed. 

Should  the  nerves  of  the  larynx  be  affected — and  they  always  are 
in  a  greater  or  less  degree — the  patients  suffer  from  hoarseness, 
aphonia,  and  spasm  of  the  glottis.  The  lesions  of  the  recurrent  nerve 
give  rise  to  paralysis  of  the  cord  determining  the  vocal  troubles. 
But  laryngoscopic  examination  is  of  great  utility  in  these  cases,  as 
enabling  an  accurate  diagnosis  of  paralysis  of  the  vocal  cord  to  be 
made.  Lastly,  cases  have  been  observed  of  pupillary  inequality 
which  must  certainly  be  due  to  lesions  of  the  grand  sympathetic. 

If  to  the  foregoing  list  we  add  difficulty  of  deglutition,  due  to  com- 
pression of  the  oesophagus,  we  shall  have  completed  the  review  of  the 
general  symptomatology  of  mediastinal  tumors. 

Are  we,  then,  to  infer  that  every  patient  on  coming  under  obser- 
vation presents  all  these  symptoms  simultaneously?  Unfortunately 
not.  Indeed,  the  diagnosis  of  mediastinal  tumors  is  very  often  ex- 
tremely difficult  and  embarrassing,  particularl3^  at  the  outset.  The 
patient  commonly  complains  of  ill-defined  pains  in  the  chest,  quite 
sharp  at  times,  between  the  shoulders;  at  other  times  twinges  of 
simple  neuralgia  of  the  diaphragm  are  felt,  and  frequently  the  phy- 
sician has,  in  the  beginning,  no  other  symptoms  of  a  more  decided 
character  to  guide  him. 

Careful  percussion  and  auscultation  should  never  be  neglected, 
what  has  been  said  heretofore  in  this  connection  being  borne  in  mind. 

The  value  of  the  cough  as  a  symptom  can  scarcely  be  overesti- 
mated. When  consulted  by  a  person  affected  with  an  obstinate, 
paroxysmal  cough — toux  coquelucJioide — one  should  always  suspect  a 
mediastinal  affection  of  some  kind,  and  in  most  instances  the  diag- 
nosis will  be  confirmed  by  the  appearance  of  fresh  signs  of  compres- 
sion. 
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Pathological  Anatomy. 

Having  now  considered  the  signs  bj  which  mediastinal  tumors 
may  be  recognized,  we  may  next  inquire  into  the  nature  of  those 
tumors,  and  that  rather  with  a  view  to  their  pathological  anatomy 
than  as  a  means  of  diagnostic  precision.  For,  granting  that,  in  ob- 
serving signs  of  compression  in  the  mediastinal  cavity,  it  is  easy  in 
some  instances  to  refer  that  compression  to  the  development  of  a 
neoplasm,  traces  of  which  exist  already  in  the  organism,  it  is  far 
from  being  always  so,  and  the  physician  is  often  greatly  embarrassed 
how  to  pronounce  upon  the  anatomical  structure  of  the  abnormally 
developed  tissue.  Tumors  of  every  description  may  have  their  seat 
in  the  mediastinum,  but  many  are  discovered  only  on  the  post-mortem 
table.  Thus  we  find  mention  of  echinococcus  cysts,  melicerous  and 
steatomatous  tumors,  etc.  But  it  may  be  said  that  the  three  com- 
mon affections  of  this  order  are :  (1)  Cancerous  tumors,  (2)  tubercu- 
lous adenopathies,  and  (3)  simple  adenopathies.  Cancerous  tumors 
are,  in  the  opinion  of  all  who  have  examined  into  this  question, 
those  most  frequently  met  with. 

In  many  cases  mediastinal  cancer  is  the  product  of  neighboring 
cancerous  lesions,  and  it  occurs  generally  in  the  sarcomatous  or  car- 
cinomatous form.  But  there  exists  a  primary  form  of  cancer  of  the 
ganglia  of  the  mediastinum,  the  more  important  since  it  affects  young 
and  apparently  healthy  persons ;  this  form  is  lymphadenoma  or  lym- 
phosarcoma. 

When  cancer,  whether  primary  or  secondary,  affects  the  lymphatic 
glands  of  the  mediastinum,  it  develops  with  great  rapidity,  invades 
all  the  surrounding  organs,  and  becomes  generalized  in  an  amazingly 
short  space  of  time. 

Next  after  the  cancerous  tumors,  in  order  of  frequency,  come  the 
tuberculous  adenojMtJiies.  The  bacillus  tuberculosis  behaves  in  the 
ganglia  of  the  mediastinum  as  elsewhere,  having  the  same  modifica- 
tions and  causing  the  same  lesions,  and  the  observer  finds  himself  in 
the  presence  of  fatty  and  of  caseous  degeneration.  In  some  patients 
the  ganglionic  lesion  constitutes  the  dominant  feature,  and  for  this 
reason  a  number  of  authors  have  devoted  a  separate  chapter  to  this 
affection,  under  the  name  of  ganglionic  phthisis.  This  form  of  tu- 
berculosis occurs  at  all  ages.  At  the  outset,  the  diagnosis  may  remain 
for  some  time  in  doubt.  I  have  in  mind  the  case  of  a  woman  in 
whom  the  final  diagnosis  was  delayed  until  comparatively  late.  This 
patient  was  a  woman,  aged  sixty -two,  affected  with  dilatation  of  the 
stomach  and  intestinal  atony,  and  in  whose  history  could  be  found 
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nothing  suggestive  of  tuberculosis.  Although  she  had  consulted  me 
on  several  occasions  concerning  her  gastro-intestinal  affection,  my 
attention  had  never  been  attracted  to  her  lungs.  One  day  she  com- 
plained of  an  obstinate,  dry,  paroxysmal  cough,  of  a  character 
somewhat  resembling  whooping-cough.  Careful  percussion  and 
auscultation  elicited  no  sign  pointing  to  modification  of  the  respira- 
tory murmurs,  nor  could  I  find  anywhere  any  trace  of  glandular 
engorgement.  I  prescribed  antispasmodics,  in  conjunction  with 
arsenic  and  tonics.  When  I  next  saw  the  patient,  after  a  lapse  of  six 
or  eight  months,  she  was  much  reduced  in  flesh,  and  complained  of 
evening  fever  and  night  sweats.  Percussion  revealed  an  area  of  dul- 
ness  on  the  right  side,  and  on  auscultation  there  w^as  heard  a  short, 
puffing  respiration,  with  prolonged  expiration  on  the  same  side. 
The  cough  meanwhile  persisted,  and  with  the  same  character  as  be- 
fore. A  diagnosis  of  tuberculosis  was  then  imperative,  with  prob- 
able participation  of  the  tracheobronchial  glands,  as  indicated  by  the 
cough.  Some  months  later  the  patient  became  affected  with  general 
tuberculous  adenitis,  most  marked  in  the  glands  of  the  neck.  This 
form,  however,  proceeds  slowly;  and  as  I  write  these  lines  the  pa- 
tient still  lives  in  tolerable  immunity  from  suffering,  in  the  third 
year  after  the  first  appearance  of  the  pulmonary  symptoms. 

Side  by  side  wdth  tuberculous  adenopathy  may  be  placed  simple 
adenopathy.  I  must  confess  that,  for  my  own  part,  I  am  inclined  to 
hold  many  of  these  so-called  simple  adenopathies  as  akin  to  the 
tuberculous.  Yet  it  may  be  granted  that  in  some  cases,  and  partic- 
ularly in  youth,  inflammatory  diseases  of  the  respiratory  organs  are 
apt  to  induce  glandular  hypertrophy.  The  glandular  enlargement 
of  leucocythsemia  need  only  be  mentioned  here,  as  its  consideration 
belongs  to  another  article  in  this  work. 

Etiology. 

Little  or  nothing  can  be  said  of  the  etiology  of  mediastinal  tumors. 
Traumatisms  have  now  and  then  been  mentioned,  and  it  has  also 
been  said  that  repeated  slight  shocks  are  capable  of  inducing  some 
degree  of  irritation  of  the  region,  and  so  determining  the  localization 
of  cancer  or  tuberculosis.  But  all  that  is  exceedingly  vague,  and 
leads  to  no  positive  conclusion. 

Prognosis. 

This  is  decidedly  gloomy  when  the  tumors,  whatever  their  nature, 
are  bulky  and  tend  to  invade  neighboring  organs. 
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Treatment. 

The  treatment  should  be  symptomatic,  and,  when  possible,  con- 
ducted so  as  to  meet  the  indication  furnished  by  the  patient's  diath- 
esis. 

■  Any  attempt  at  surgical  interference  is,  of  course,  inadmissible  in 

these  cases. 

For  the  cough,  antispasmodics  and  narcotics  may  be  adminis- 
tered: aconite  (the  tincture  of  the  root),  belladonna,  hyoscyamus,  and 
the  preparations  of  opium.  If  the  pain  is  sharp,  recourse  may  be 
had  to  hypodermic  injections  of  morphine,  a  remedy  which  can 
rarely  be  dispensed  with  in  the  advanced  stages  of  these  affections. 

In  cases  of  tuberculosis  or  of  simple  adenopathy,  iodine  and  ar- 
senic may  be  tried  successively.  The  tincture  of  iodine  should  be 
taken,  at  bed-time,  in  milk  in  order  to  spare  the  stomach.  The  arsenic 
may  best  be  given  in  the  form  of  Fowler's  solution.  Tonics  must  not 
be  omitted,  such  as  cod-liver  oil,  phosphate  or  rather  glycerophos- 
phate of  lime,  cinchona,  etc. 

Some  patients  are  improved  by  the  mineral-water  treatment  with 
the  sodic  chloride  waters  of  Salies  de  Beam,  or  of  Salins;  and  I 
should  here  mention  the  sea-weed  baths  at  Lut-sur-Mer,  on  the  coast 
of  Normandy.  Marked  benefit  has,  to  my  own  knowledge,  been  de- 
rived from  a  combination  of  these  remedies,  and  the  progress  of  the 
disease  has  thereby  been  delayed.  It  is  needless  to  remark  that  I 
make  no  reference  to  cancer,  against  which  no  ti'eatment  at  present 
known  to  us  can  avail.' 

Abscess. 

Properly  speaking,  these  abscesses  belong  to  the  domain  of  sur- 
gery, and  consequently  do  not  come  within  the  sphere  of  this  article. 
We  may,  nevertheless,  devote  a  few  lines  to  them,  in  order  to  complete 
the  review  of  the  diseases  of  the  mediastinum. 

Authors  have  divided  these  abscesses  into  idiopathic  and  sympto- 
matic, the  latter  being  by  far  the  more  common.  Notwithstanding 
a  few  cases,  somewhat  obscurely  described,  I  am  not  quite  sure 
whether  it  is  possible  to  find  any  such  as  an  absolutely  idiopathic  ab- 
scess of  the  mediastinum.  Symptomatic  abscesses  are  due  to  osteitis 
—caries  of  the  sternum,  for  instance— or  to  propagation  from  an- 
other purulent  focus,  a  phlegmon  of  the  neck,  empyema,  etc. 

The  diagnosis  of  these  abscesses  is  always  doubtful  at  first,  even 
in  case  of  propagation  from  another  focus.  But  sooner  or  later 
special  signs  appear,  retrosternal  pains,  oppression,  difficulty  or  em- 
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barrassment  of  respiration  and  circulation,  with  possibly  oedema  and 
cyanosis,  and  fever,  with  chills  and  sweats.  Finally,  the  collected 
pus  makes  its  way  to  the  surface  in  not  a  few  cases. 

The  only  treatment  available  for  a  mediastinal  abscess,  whatever 
its  cause,  is  to  puncture  the  abscess  as  promptly  as  possible,  after 
the  diagnosis  has  been  fixed.  Large  incisions,  drainage,  even  tre- 
panning of  the  sternum,  accompanied  hj  rigorous  antisepsis  and 
careful  dressing,  are  the  only  means  to  be  emploj^ed.  The  patient's 
constitution  should  in  the  mean  time  be  sustained  by  use  of  the 
different  tonic  agents. 

The  subject  of  foreign  bodies  in  the  mediastium  is  one  that  belongs 
wholly  to  the  domain  of  surgery,  and  its  discussion  need  not  be  en- 
tered upon  here. 
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DISEASES  OF  THE  DIAPHRAGM. 


Few  of  our  classical  treatises  on  internal  pathology  contain  any 
chapter  devoted  to  the  consideration  of  diseases  of  the  diai^hragm. 
Here  and  there  in  the  articles  relating  to  the  thoracic  or  abdominal 
organs  we  may  find  reference  to  some  symptoms  of  diaphragmatic 
affections,  but  they  are  generally  mentioned  as  secondary  symptoms 
of  the  disease  under  consideration.  It  is  only  in  encyclopedic  works 
or  in  special  monographs  that  we  find  particular  mention  of  the 
diseases  inyolving  the  diaphragm.  The  reason  of  this  semi-obscurity 
is  easy  to  understand.  In  order  to  study  apart  the  diseases  of  the 
diaphragm  we  are  obliged  to  make  an  entirely  artificial  classification 
subservient  to  the  needs  of  this  description.  Indeed,  the  affections 
of  the  diaphragm  which  we  may  call  essential  or  absolutely  primary 
are  very  few  in  number,  if  they  exist  at  all,  and  the  lesions  of  this 
pai-t  are  most  frequently,  if  not  always,  secondarj^  to  some  other 
general  or  local  disease.  Nevertheless  it  is  useful  to  direct  special 
attention  to  the  diaphragm  and  to  study  somewhat  in  detail  its 
diseases  in  order  to  gain  a  more  clear  notion  of  the  pathology  of  this 
muscle.  Our  work  will  be  chiefly  that  of  an  analyst,  dwelling 
upon  a  train  of  symptoms  forming  part  of  a  descriptive  whole  and 
noting  those  which  belong  to  one  or  another  disease. 

The  diaphragm  is  a  muscular  organ  which  forms  a  vaulted  parti- 
tion between  the  abdominal  and  thoracic  cavities,  and  is  one  of  the 
most  powerful  of  the  physiological  agents  in  the  mechanism  of  res- 
piration. By  reason  of  its  position  it  is  exposed  to  invasion  by  the 
diseases  affecting  primarih'  one  or  other  of  the  neighboring  organs; 
it  is  liable  to  suffer  from  certain  other  affections  in  its  quality  of  a 
muscle ;  it  suffers  from  affections  of  motility  from  the  fact  that  it  is 
an  important  organ  of  respiration,  powerfully  innervated,  these  dis- 
orders proceeding  most  frequently  from  diseases  of  the  central  ner- 
vous system  or  from  neuroses;  finally,  it  may  suffer  directly  from 
traumatism. 

This  enumeration  serves  as  the  basis  of  the  classification,  alto- 
gether artificial,  which  we  shall  here  adopt  in  order  to  pass  in  re- 
view the  various  affections  of  which  the  diaphragmatic  muscle  may 
be  the  seat. 
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Traumatic  Affections. 

Wounds. 

Wounds  of  the  diaphragm  may  be  produced  by  various  agents, 
either  a  cutting  instrument  or  a  firearm ;  but  in  whatever  way  pro- 
duced, the  diaphragmatic  wound  is  usually  of  quite  secondary  im- 
portance, for  this  organ  is  seldom  or  never,  if  we  except  a  few  re- 
ported cases,  the  one  primarily  or  mainly  affected.  There  is  always 
at  the  same  time  a  wound  or  a  contusion  of  one  or  more  of  the  neigh- 
boring organs,  such  as  the  lungs  or  one  of  the  abdominal  viscera,  and 
the  diagnosis,  as  well  as  the  prognosis,  rests  much  more  upon  the 
signs  of  injury  to  these  organs  than  it  does  upon  any  symptoms 
pointing  specially  to  involvement  of  the  diaphragm. 

The  patient,  if  seen  soon  after  the  receipt  of  the  injury,  is  in  a 
state  of  shock,  more  or  less  intense,  such  as  is  characteristic  of  all 
severe  traumatisms  involving  important  organs.  The  face  is  con- 
tracted, the  nose  pinched;  the  respiration  is  perhaps  more  or  less 
embarrassed ;  the  pulse  is  small  and  thready. 

We  need  hardly  say  that  the  prognosis  is,  in  most  cases  of  injury 
of  this  sort,  very  grave. 

The  treatment  offers  no  points  upon  which  it  will  be  profitable  to 
dwell,  for  it  presents  nothing  in  particular,  being  simply  and  solely 
that  indicated  by  the  injury  of  the  neighboring  organs,  and  that 
furthermore  of  the  shock  which  has  received  sufficient  consideration 
in  another  volume  of  this  work. 

EUPTUEE. 

Lacerations  and  ruptures  of  the  diaphragm  might  well  have  been 
described  with  penetrating  wounds,  for  although  it  is  customary  to 
devote  separate  sections  to  these  two  classes  of  injury  there  is  no 
clinical  reason  for  so  doing,  the  symptoms  of  the  two  conditions  be- 
ing practically  identical.  Lacerations  of  the  diaphragm  may  be  de- 
termined by  various  causes,  by  a  violent  blow  directly  against  the 
lower  portion  of  the  chest,  by  a  fall,  or  other  injury,  but  the  most 
frequent  cause  is  fracture  of  a  rib  with  displacement  of  a  sharp  frag- 
ment and  consequent  penetration  of  the  diaphragm. 

The  symptomatology  of  laceration  of  the  diaphragm  is  somewhat 
complex.  When  the  rupture  is  considerable  and  is  the  result  of  a 
very  severe  injury,  we  find  the  symptoms  of  shock  and  collapse,  with 
small  pulse  and  the  risus  sardonicus  which  was  long  ago  regarded 
as  a  characteristic  symptom  of  affections  involving  the  diaphragm. 
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If  the  tear  or  rupture  is  less  extensive  the  symptoms  may  bo  corre- 
spondingly milder,  and  the  prognosis  consequently  less  grave.  There 
may  be  then  simply  a  pain  at  the  level  of  insertion  of  the  diaphragm 
and  sometimes  the  signs  which  we  shall  come  to  recognize  later  as 
pointing  to  neuralgia  of  this  muscle.  We  need  not  dwell  longer  upon 
the  injuries  of  the  diai)hragra  and  may  proceed  at  once  to  study  the 
diseases  to  which  it  is  subject  by  transmission  from  neighboring 
organs. 

Affections  Transmitted,  from  Neighboring  Organs. 

Adhesions. 

It  is  not  unusual  at  autopsies  to  find  adhesions  of  the  diaphragm 
to  neighboring  parts,  either  of  the  thorax  or  of  the  abdomen.  In 
most  cases  they  consist  of  more  or  less  elastic  bands  which  yield 
somewhat  to  traction  so  that  the  attached  organ  is  not  held  in  close 
apposition  to  the  diaphragm.  Occasionally,  however,  the  adhesions, 
long  or  short  as  the  case  may  be,  become  encrusted  or  infiltrated  with 
calcareous  salts,  and  are  then  hard  and  unyielding. 

The  adhesions  (to  the  pleura,  pericardium,  or  peritoneal  invest- 
ment of  the  stomach,  intestine,  liver,  or  spleen)  are  usually  consecu- 
tive to  a  previous  inflammation  of  the  affected  serous  membrane. 
The  pleural  adhesions  may  cause  impeded  respiratory  movements, 
but  the  most  pronounced  symptoms  are  those  occasioned  by  ad- 
hesions between  the  diaphragm  and  the  pericardium  occurring  in 
pericarditis.  Inspection  then  shows  undulatory  movements  in  the 
epigastrium  which  are  isochronous  with  the  cardiac  pulsations. 

Perforation. 

Ulceration  and  perforation  of  the  diaphragm  are  most  frequently 
the  result  of  burrowing  of  pus  either  from  above  downwards  or  from 
below  upwards.  The  pus  may  come  from  a  pleuritic  or  a  pericarditic 
abscess  which  discharges  into  the  abdominal  ca\'ity,  after  perforating 
the  division  wall,  and  gives  rise  to  a  usually  fatal  peritonitis ;  or  it 
may  be  from  a  purulent  collection  in  the  liver  which  takes  an  uj)ward 
course  and  empties  into  the  pleural  cavitj-  or  even  pierces  the  lung 
and  is  then  coughed  up.  These  are  all,  however,  merely  pathological 
curiosities. 

Displacements. 

More  or  less  extensive  displacements  of  the  diaphragm  are,  as 
opposed  to  the  condition  just  mentioned,  not  very  uncommon.     It 
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can  be  readily  understood  liow  this  muscle  may  be  displaced,  how 
the  diaphragmatic  vault  would  be  increased  or  lessened  according  to 
the  varying  or  abnormal  development  of  the  viscera  on  one  or  the  other 
side  of  it.  If  the  heart  become  largely  hypertrophied  or  the  pericar- 
dium become  distended  with  fluid,  the  muscle  which  is  called  upon 
to  support  this  increased  weight  is  depressed.  Alterations  in  size  of 
the  liver  also  necessarily  change  the  position  of  the  diaphragm,  but 
the  effect  varies  according  to  the  degree  of  enlargement  which  the 
liver  has  undergone.  When  there  is  moderate  hypertrophy  the  con- 
vex surface  of  the  organ  rises  and  pushes  up  the  diajjhragm  before  it, 
but  when  the  weight  of  the  liver  is  greatly  increased  by  a  cancerous 
growth  or  in  hypertrophic  cirrhosis,  it  falls  lower  in  the  abdomen 
and,  pulling  strongly  upon  the  diaphragm  through  the  suspensory 
ligaments,  causes  this  muscle  to  be  depressed  to  sometimes  a  very 
considerable  extent,  and  with  it  often  is  dragged  down  the  heart  as 
well.  On  the  other  hand  the  stomach,  becoming  distended  with  gas, 
may  push  the  diaphragm  upwards. 

Another  variety  of  diaphragmatic  displacements  is  that  due  to 
diseases  of  the  spinal  column,  accompanied  by  kyphotic  deformities 
of  this  part.  Under  the  influence  of  deviations  or  caries  of  the  bodies 
of  the  vertebrae  the  diaphragm  loses  more  or  less  of  its  symmetry  and 
its  vault  tends  to  become  more  shallow.  The  displacements  thus  im- 
posed upon  it  may  react  upon  the  heart,  so  that  this  organ  may  be 
changed  in  its  position,  becoming  almost  horizontal.  In  these 
patients  also  the  circulation  is  impeded  at  the  same  time  in  conse- 
quence of  the  altered  relations  of  the  great  vessels  in  the  first  part  of 
their  course. 

Tumors. 

The  recorded  cases  of  tumors  of  the  diaphragm  are  few  in  num- 
ber, and  our  knowledge  of  such  is  very  imperfect.  Those  that  have 
been  reported  belong  to  the  class  of  post-mortem  findings,  for  the 
diagnosis  was  not  made  during  the  life  of  the  individual.  Grancher 
has  reported  a  case,  quoted  in  all  the  French  works  on  this  subject, 
of  a  tumor  of  the  diaphragm  which  was  entirely  independent  of  all 
other  structures,  a  true  primary  diaphragmatic  tumor. 

The  extension  of  tumors  to  the  diaphragm  from  neighboring 
organs  is  of  much  less  infrequent  occurrence.  A  cancer  of  one  of 
the  adjacent  abdominal  or  thoracic  viscera  not  uncommonly  extends 
by  continuity  to  the  diaphragm.  Hydatid  cysts  in  like  manner  often 
involve  the  diaphragm  secondarily. 

Finally  certain  forms  of  degeneration  have  been  observed  in  the 
diaphragm,  and  especially  ossification  of  the  muscle,  the  latter  being 
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of  uncertain  cause  but  in  some  cases  seeming  to  be  excited  by  the 
irritation  of  a  i^leurisy. 

Affections  of  the  Muscular  Structure. 

We  have  now  to  consider  the  diseases  wliicli  may  attack  the  dia- 
phragm i)rimarih'  in  its  character  as  a  muscular  organ.  The  affec- 
tions which  we  shall  consider  will  be  rheumatism,  inflammation,  and 
atrophy. 

Kheumatism. 

Like  all  other  muscles,  the  diaphragm  may  be  the  seat  of  a 
rheumatic  process.  Three  forms  of  diaphragmatic  rheumatism  have 
been  described:  (1)  Acute  primary,  (2)  acute  secondary,  and  (3) 
chronic.  We  need  not  here  dwell  upon  the  etiological  factors  which 
may  determine  an  attack  of  diaphragmatic  rheumatism;  given  the 
individual  predisposition,  cold  and  damp  appear  to  be  the  chief  ex- 
citing causes  of  the  affection. 

SympioTYis. — In  the  acute  primary  form  the  patient  is  attacked 
suddenly,  usually  after  a  chilling  of  the  surface.  He  has  violent  pain 
in  the  lower  part  of  the  chest  at  the  level  of  the  insertion  of  the  dia- 
phragmatic muscle.  On  palpation  carefully  made,  firm  pressure 
being  applied  by  the  examining  finger,  it  will  be  found  that  the  pain 
exists  all  around  the  thorax  in  its  lower  part ;  this  pain  is  generally 
symmetrical,  although  not  invariably,  for  we  sometimes  encounter  a 
diaphragmatic  rheumatism  which  is  more  or  less  unilateral  in  its 
location.  This  latter  is,  however,  exceptional,  and  the  presence  of 
bilateral  and  symmetrical  pains  in  the  lower  portion  of  the  chest 
speaks  quite  strongly  in  favor  of  a  diaphragmatic  rheumatism.  Aus- 
cultation furnishes  negative  evidence  only;  there  are  no  rales  to  be 
heard  (in  the  absence  of  a  complicating  pulmonary  trouble)  nor  anj' 
other  adventitious  sound,  but  at  the  base  of  the  lungs  the  respiratory 
murmur,  as  might  be  expected,  is  usually  feeble.  The  movements  of 
the  diaphragm  being  productive  of  pain,  the  patients  seek  to  restrict 
them  as  far  as  possible,  and  thus  the  respiratory^  movements  are  con- 
fined almost  entirel}^  to  the  upper  portion  of  the  thorax,  and  are  in 
consequence  much  less  extensive  than  in  the  normal  condition. 

Movements  of  deglutition  are  also  painful,  and  in  addition  to  a 
more  or  less  persistent  hiccough  there  may  be  oesophageal  or  even 
laryngeal  spasms,  which  are  probably  of  reflex  origin.  The  pain  is 
not  always  of  the  same  intensity,  but  appears  to  occur  in  the  form  of 
crises  of  longer  or  shorter  duration. 

There  are  no  general  symptoms,  neither  elevation  of  temperature 
nor  acceleration  of  pulse. 
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In  the  secondary  form  of  acute  rheumatism  of  the  diaphragm,  the 
affection  appears  in  the  course  of  an  acute  articular  or  muscular 
rheumatism.  The  symptoms  are  the  same  as  those  of  the  primary 
form,  except  that  we  see  here  an  elevation  of  temperature  due  to  the 
general  condition. 

In  chronic  diaphragmatic  rheumatism  the  pain  does  not  occur  in 
paroxysms,  as  in  the  acute  forms,  but  is  obstinate  and  persistent, 
being  always  complained  of ;  it  interferes  with  the  respiratory  move- 
ments, and  in  certain  very  severe  cases  it  has  been  foUoAved  by  grave 
complications  due  to  paralysis  of  the  diaphragm. 

Prognosis. — ^It  is  only  in  these  grave  forms  that  the  prognosis  is 
at  all  serious,  for  in  the  immense  majority  of  cases  diaphragmatic 
rheumatism  is  a  benign  affection,  from  which  recovery  takes  place 
without  any  serious  complications  or  sequelae. 

Diagnosis. — The  affection  must  be  differentiated  from  all  forms  of 
pleural  and  pulmonary  inflammations  and  from  neuralgia.  Careful 
auscultation  will  enable  us  to  exclude  disease  of  the  lungs  or  pleura. 
Intercostal  neuralgia  is  that  which  is  most  liable  to  be  confused  with 
rheumatism  of  the  diaphragm,  but  a  differentiation  may  usually  be 
made  by  the  fact  that  the  former  is  as  a  rule  unilateral,  and  also  that 
the  pain  is  commonly  most  intense  at  the  three  points  of  emergence  of 
the  superficial  branches.  A  mistake  in  diagnosis  might  be  possible 
in  the  case  of  angina  pectoris  or  of  asthma,  but  a  careful  study  of  the 
symptomatologj'  ought  to  prevent  an  error  of  this  nature. 

Treatment. — The  local  treatment  of  diaphragmatic  rheumatism  is 
to  be  conducted  on  the  same  plan  as  that  of  muscular  rheumatism 
elsewhere.  The  pain  may  be  relieved  by  local  revulsives,  such  as 
tincture  of  iodine,  or  in  very  severe  cases  and  when  we  wish  to  obtain 
a  rapid  effect  we  may  resort  to  wet  cupping.  Antipyrin  or  morphine 
by  hypodermic  injection  may  be  required;  the  latter,  when  made  in 
the  vicinity  of  the  painful  parts,  may  afford  speedy  relief. 

The  general  treatment  consists  in  the  administration  of  the  ap- 
proved antirheumatic  remedies,  such  as  sodium  salicylate,  salophen, 
salicin,  and  the  like. 

DiAPHEAGMATITIS. 

There  is  little  to  be  said  concerning  the  affection  to  which  this 
name  has  been  given,  namely,  primary  inflammation  of  the  muscular 
tissue  of  the  diaphragm.  The  most  recent  works  bring  no  new 
light  to  illuminate  the  subject,  and  it  is  difficult  to  decide  whether 
we  ought  to  reject  absolutely  as  non-existent  such  a  pathological 
entity,  or  to  admit  that  such  an  affection  may,  though  rarely,  be  ob- 
served.    It  is  certain  that  muscular  tissue  in  general  is  subject  to 
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inflammatory  processes,  and  reasoning  from  the  general  to  the  par-  ■ 
ticular  we  ought  to  admit  the  possibility  of  inflammation  of  the  dia- 
phragmatic muscle.  But  the  fact  that  such  an  afi'ectiou  has  never 
been  recognized  clinically  throws  doubt  upon  the  possibility  of  its 
occurrence  and  involves  the  entire  subject  in  an  obscurity  from  which 
it  possiblj^  may  never  emerge. 

It  is  true  that  pathological  anatomy  has  shown  us  the  presence  of 
lesions  attributable  to  an  inflammatory  process,  but  there  has  always 
been  at  the  same  time  an  inflammation  of  one  of  the  adjacent  serous 
membranes,  either  the  peritoneum  or  the  pleura,  and  the  diaphrag- 
matic inflammation  may  well  have  been  simply  secondary  to  this 
pleurisy  or  peritonitis.  My  belief  is,  however,  that  we  are  not  justi- 
fied in  excluding  from  medical  pathology  primary  diaphragmatitis, 
for  inflammation  of  this  muscle  may  undoubtedly  exist,  and  it  has  re- 
peatedly been  seen  as  a  secondary  process  after  traumatisms  and  as 
a  result  of  neighboring  inflammations ;  but  it  possesses  no  individual 
symptomatology,  for  the  signs  of  its  existence  cannot  be  distinguished 
from  those  of  pleurisy,  peritonitis,  or  inflammation  of  one  of  the 
organs  lying  immediately  above  or  below  the  diaphragm.  And  for 
the  same  reason  there  is  nothing  to  be  said  concerning  the  diagnosis 
and  treatment. 

Atrophy. 

Atrophy  of  the  diaphragm  has  been  observed  in  the  course  of 
various  diseases  afi'ecting  the  muscular  system  in  general.  Whether 
the  affection  be  of  spinal  or  of  purely  myopathic  origin,  the  dia- 
phragm may  be  affected  as  well  as  any  other  of  the  muscles;  but  by 
reason  of  the  important  function  of  this  particular  muscle,  its  impli- 
cation is  of  greater  moment  and  productive  of  more  serious  conse- 
quences, for  atrophy  may  so  gravely  interfere  with  the  respiratory 
movements  that  the  most  distressing  asphyxia  and  even  death  may 
ensue.  This  is  what  hax)pens  when  the  atrophy  reveals  itself  clini- 
cally, but  it  may  also  be  a  purely  post-mortem  discovery,  having 
existed  during  life  without  giving  rise  to  the  slightest  symptom;  and 
this  is  what  most  frequently  occurs,  the  diagnosis  being  made  only 
at  the  autopsy,  and  sometimes  only  with  the  aid  of  the  microscope. 
Pathologists  have  thus  distinguished  various  forms,  such  as  simple 
atrophy,  atrophy  with  granular  degeneration,  with  waxy  or  hyaline 
degeneration,  but  such  refinements  are  of  absolutely  no  clinical  value, 
and  may  well  be  left  to  works  dealing  purely  with  pathological  an- 
atomy or  rather  morbid  histology. 

The  diseases  in  the  course  of  which  atrophy  of  the  diaphragm  may 
occur  are  quite  numerous.  We  need  not  refer  again  to  the  essential 
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or  otlier  forms  of  myopatliy,  of  whicli  we  liave  just  spoken,  but  would 
mention  the  diseases  of  the  respiratory  or  circulatory  apparatus 
which  may  be  accompanied  by  the  condition  now  under  discussion. 
Atrophy  of  the  diaphragm  may  thus  be  met  with  in  autopsies  on  per- 
sons dead  of  chronic  bronchitis,  of  emphysema,  of  interstitial  pneu- 
monia, of  degenerations  of  the  myocardium,  or  of  pericarditis.  It  is 
usually  after  certain  of  these  chronic  affections  have  existed  for  quite 
a  length  of  time  and  have  induced  a  marked  degree  of  weakness  or 
even  a  cachectic  condition,  that  we  first  observe  signs  of  atrophy  of 
the  diaphragm.  We  can  readily  understand  how  this  atrophy  must 
hasten  the  fatal  termination  by  diminishing  the  respiratory  powers 
and  thus  leading  to, a  more  speedy  occurrence  of  asphyxia. 

Nervous  Affections. 

We  have  now  to  consider  those  affections  of  the  diaphragm  which 
are  due  to  disturbances  of  innervation  of  this  muscle,  under  which 
group  come  paralysis,  spasm,  and  neuralgia. 

Paralysis. 

Paralysis  of  the  diaphragm  is  observed  in  the  course  of  a  great 
number  of  affections  of  various  nature.  It  has  been  seen  as  a  result 
of  direct  injury  to  the  spinal  cord  or  phrenic  nerve,  in  diphtheria, 
lead  poisoning,  inflammatory  affections  of  the  pleura  or  lungs,  and 
in  hysteria.  The  gravity  of  the  condition  may  vary  according  to  the 
circumstances,  but  whatever  may  be  the  form,  paralysis  of  the  dia- 
phragm is  always  a  serious  affection  because  of  its  interference  with 
the  respiratory  functions  and  of  the  very  grave  consequences  which 
may  ensue. 

Symptoms. — In  different  cases  of  paralysis  of  the  diaphragm  the 
symptoms  may  vary  greatly,  in  one  case  the  diagnosis  being  only 
too  evident,  in  another  the  condition  escaping  the  attention  of  the 
physician  unless  he  think  of  the  possibility  of  its  occurrence  and 
direct  his  examination  in  consequence  particularly  to  this  muscle. 
The  paralysis  may  be  unilateral  or  bilateral,  and  the  resulting  dis- 
ability may  be  complete  or  partial.  As  a  type  for  our  study,  we 
shall  consider  a  patient  attacked  with  complete  bilateral  paralysis. 
At  the  first  glance  it  will  be  seen  that  the  patient  is  suffering  from 
difficulty  in  breathing,  from  dyspnoea.  If  he  change  his  position  or 
make  any  effort  whatever  the  dyspnoea  will  be  at  once  greatly  in- 
creased. If  any  question  be  addressed  to  him  his  reply  will  be  in^a 
feeble  voice,  interrupted  at  every  word  vdth  the  necessity  for  taking  a 
breath.     On  uncovering  the  chest  and  abdomen  of  the  patient  one 
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will  at  once  be  struck  with  the  chauges  in  tlie  visible  respiratory 
movements ;  the  respiration  is  reversed,  and  the  abdomen,  instead  of 
rising  during  inspiration,  sinks  in;  but  in  expiration  the  opposite 
occurs.  This  reversed  movement  is  easily  explained  by  the  loss  of 
the  active  participation  of  the  diaphragm  in  the  act  of  respiration ; 
instead  of  assisting  in  the  respiratory  movements,  it  is,  during  in- 
spiration, sucked  up,  as  it  were,  drawn  up  into  the  thorax,  and  from 
this  follows  the  sinking  in  of  the  epigastrium  instead  of  its  bulging  out 
during  inspiration ;  iu  expiration,  on  the  other  hand,  the  compression 
of  the  lungs  by  the  thoracic  muscles  pushes  down  the  diaphragm  and 
there  is  a  bulging  of  the  epigastrium.  This  reversal  of  the  ordinary 
respiratory  movements  of  the  abdomen  is  the  essential  symi)tom  of 
diaphragmatic  paralysis,  and  the  one  upon  which  we  have  to  rely  in 
our  diagnosis  of  this  condition.  But  although  it  is  very  evident  in 
certain  cases  and  impossible  of  being  overlooked  upon  inspection  of 
the  abdomen,  yet  in  others  it  may  escape  detection  unless  special 
attention  be  directed  to  the  search  for  it.  This  occurs  particularly 
in  cases  of  unilateral  paralysis,  when  the  loss  of  power  on  one  side 
is,  under  ordinary  circumstances,  compensated  for  by  the  action  of 
the  unaffected  side.  We  must  then  cause  the  patient  to  make  deep 
and  forced  inspiratory  movements,  when  the  changes  above  noted  will 
become  very  apparent  on  the  affected  side,  while  the  normal  respira- 
tory movements  of  the  epigastrium  will  be  seen  on  the  sound  side. 
In  order  to  render  the  diagnosis  more  easy  we  ought  always  to  ex- 
amine the  patient  after  exercise,  for  during  sleej)  or  complete  repose, 
when  the  respiratory  movements  are  normally  but  slightly  apparent, 
we  may  fail  to  detect  any  difference  in  this  respect  between  the  two 
sides. 

Prognosis. — It  is  hardly  necessarj-  to  insist  upon  the  gravity  of  this 
condition,  even  when  it  is  apparently  of  slight  degree;  in  cases  of 
complete  bilateral  i^aralysis  asphyxia  may  ensue  upon  the  slightest 
extra  call  on  the  respiratory  organs,  even  that  arising  during  a  mild 
cold  in  the  head.  Although  always  of  possible  gravity,  the  prognosis 
will  necessarily  vary  greatly  according  to  the  degree  of  jjaralysis  and 
the  extent  of  the  diaphragmatic  muscle  involved. 

Treatment. — This  should  be  addressed  as  far  as  possible  to  the 
cause  of  the  paralysis;  in  the  case  of  plumbism,  for  example,  our 
efforts  should  be  directed  towards  securing  an  elimination  of  the 
XJoison  as  soon  as  possible  from  the  system.  But  in  many  cases,  es- 
pecially when  the  affection  is  of  sj^inal  origin,  the  general  treatment 
will  be  productive  of  little  or  no  benefit. 

The  local  treatment  will  consist  simply  in  the  employment  of 
electricity.     Duchenne,   of    Boulogne,    who  has  especially  studied 
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these  paralyses,  advised  local  faradization,  and  it  is  this  mode  of 
employment  of  electricity  to  which  we  ought  always  to  have  recourse 
in  a  case  of  paralysis  of  the  diaphragm. 

Spasm. 

Spasm  of  the  diaphragm  as  a  morbid  entity  is  rarely  observed, 
and  more  often  it  is  secondary  to  some  general  disease,  especially  of 
one  of  the  neuroses.  We  distinguish  tonic  and  clonic  spasms  of  the 
diaphragm,  the  former  being  of  a  much  more  serious  nature  than  the 
latter. 

Tonic  Spasm. 

Tonic  convulsions  of  the  diaphragm  may  be  either  idiopathic  or 
symptomatic.  An  instance  of  the  former  has  been  related  by 
Duchehne.  A  player  on  the  bassoon  was  suddenly,  without  anj'  ap- 
parent cause,  seized  with  a  spasmodic  contraction  of  the  diaphragm, 
which  prevented  him  from  following  his  occupation,  for  sometimes 
there  was  an  inspiratory  spasm  which  forced  him  to  aspirate  the  air 
from  his  instrument,  thus  producing  no  sound,  and  at  other  times 
an  expiratory  convulsion  of  the  diaphragm  forced  an  explosion  of  loud 
sound  from  the  bassoon. 

The  symptomatic  tonic  spasms  are  encountered  chiefly  in  epilepsy, 
tetanus,  eclampsia,  asthma,  rabies,  and  in  strychnine  poisoning. 
The  sign  by  which  we  are  enabled  always  to  recognize  the  tonic  con- 
vulsion of  the  diaphragm  is  the  altered  respiration.  The  thoracic 
cage  is  enlarged  at  its  base,  and  the  respiratory  movements  take 
place  only  in  the  upper  portion  of  the  chest.  Dyspnoea  and  suffoca- 
tive attacks  are  of  course  present.  The  patient  complains  of  a  girdle 
pain,  has  a  sensation  of  constriction,  and,  if  the  spasm  continues, 
begins  to  suffer  the  agonies  of  asphyxia.  At  this  time  auscultation 
reveals  a  diminished  vesicular  murmur. 

When  the  convulsion  is  of  short  duration  the  patient  speedily  re- 
turns to  his  normal  state  after  a  few  deep  inspirations  and  expira- 
tions, but  if  the  spasm  continue,  as  in  infantile  eclampsia  for  example, 
the  patient  dies  asphyxiated. 

The  treatment  consists  in  energetic  counter-irritation  over  the  epi- 
gastrium, on  the  sides  of  the  thorax,  and  in  the  dorsolumbar  region. 
For  this  purpose  there  have  been  used  compresses  wet  in  boiling 
water,  punctate  cauterizations,  and  wet  cups.  It  is  necessary  to  ad- 
minister at  the  same  time  antispasmodics,  such  as  ether,  valerian, 
the  bromides,  etc. 
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Clonic  Spasm. 

The  existence  of  idiopatliic  clonic  convulsions  of  the  diaphragm 
has  not  been  positively  established,  and  we  need  occupy  ourselves 
here  only  with  the  symptomatic  forms.  It  is  with  the  clonic  as  with 
the  tonic  spasms  of  the  diaphragm,  the  accomi)anying  affection  is 
most  often  a  neurosis,  such  as  hysteria,  epilepsy,  or  eclampsia,  but 
the  spasms  have  been  noted  also  in  several  febrile  affections  and  in 
certain  diseases  of  the  spinal  cord. 

Clonic  spasms  of  the  diaphragm  are  revealed  by  movements  of 
rising  and  falling  in  the  epigastric  and  hypochondriac  regions,  which 
vary  in  extent  and  frequency.  In  some  cases  they  occur  with  such 
frequency  that  there  seems  to  be  a  tremor  of  the  epigastric  region. 
When  their  extent  is  considerable  the  diaphragm  strikes  con\Tilsively 
the  adjacent  viscera,  in  the  course  of  its  exaggerated  inspiratory  ex- 
cursion; the  stomach  and  intestines  are  pushed  suddenly  downwards, 
and  sometimes  there  is  a  sort  of  succussion  sound  produced  with  each 
inspiration,  while  at  the  same  time  the  eye  may  perceive  a  rapid  and 
sudden  elevation  of  the  entire  abdominal  region.  The  phenomenon 
known  as  hiccough  accompanies  clonic  spasms  of  the  diaphragm. 
Speech  is  interrupted  and  the  peculiar  inarticulate  sound  is  heard 
with  each  successive  convulsive  movement.  There  may  even  be 
sobbing,  and  sometimes  the  strong  pressure  on  the  stomach  causes 
vomiting. 

When  these  clonic  convulsions  are  of  short  duration  the  patient  is 
not  particularly  disturbed  by  them,  and  returns  at  once  to  his  normal 
condition  upon  their  cessation;  but  when  they. persist  for  a  long 
period,  there  is  often  pain,  the  patient  complains  of  great  fatigue,  and 
he  is  frequently  deprived  of  sleep. 

The  i^rognosis  depends  upon  the  duration  of  the  attack,  but  the 
affection  does  not  threaten  the  patient's  life  directly  as  may  tonic 
spasm  of  the  diaphragm.  When  of  very  long  continuance,  clonic 
spasms  may  affect  the  patient  injuriously  in  an  indirect  way  by  inter- 
fering with  digestion  and  with  the  assimilation  of  food,  if  they  are 
of  such  severity  as  to  cause  vomiting  or  the  regurgitation  of  food. 
That  is  recognized  as  one  of  the  chief  dangers  to  the  little  patient  from 
whooping-cough,  for  the  vomiting  resulting  from  the  cough  and  the 
diaphragmatic  spasm  sometimes  renders  alimentation  impossible, 
and  the  child  emaciates  and  dies  of  slow  starvation. 

The  treatment  is  to  be  directed  to  the  general  condition  as  well  as 
against  the  spasmodic  state  itself.  I  need  not  dwell  here  upon  the 
general  treatment,  as  that  will  receive  full  consideration  in  the  articles 
in  this  work  which  treat  of  the  causal  maladies,  those  on  hysteria. 
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epilepsy,  etc.  Among  the  measures  directed  against  tlie  spasmodic 
contractions  of  the  diaphragm,  pressure  at  the  pit  of  the  stomach, 
either  manual  or  instrumental,  appears  to  have  given  good  results  in 
certain  cases.  Refrigeration  of  the  same  region  by  means  of  ether 
sprays,  the  application  of  a  small  blister,  and  faradic  electrization 
are  other  remedies  which  have  been  employed.  The  latter,  which  is 
perhaiDS  the  most  effective  of  those  mentioned,  may  be  practised  over 
the  two  phrenic  nerves  by  placing  one  electrode  over  one  nerve  and 
the  other  over  that  of  the  opposite  side,  or  one  nerve  only  may  be 
faradized,  one  electrode  being  placed  over  it  and  the  other  at  the 
inseiiion  of  the  diaphragm. 

Neuralgia. 

In  treating  of  neuralgia  of  the  diaphragm  we  pass  from  the  study 
of  a  disease  of  muscular  tissue  and  enter  upon  that  of  an  affection 
of  the  nerves,  yet  the  malady  concerns  so  closely  the  structure  which 
we  have  been  considering  that  it  calls  for  brief  mention  among 
the  diseases  of  the  diaphragm. 

'The  causes  are  those  common  to  all  forms  of  neuralgia,  to  wit,  a 
chilling  of  the  body,  the  rheumatic  diathesis,  and  diseases  of  neigh- 
boring organs ;  of  the  latter  diaphragmatic  pleurisy  and  pericarditis 
are  among  the  most  frequent. 

The  main  symptom  is  pain  in  the  neck  along  the  course  of  the 
phrenic  nerve  and  at  the  base  of  the  thorax  at  the  points  of  insertion 
of  the  diaphragm ;  sometimes  we  find  pain  radiating  to  the  shoulder, 
which  is  one  of  the  most  common  accompaniments  of  diaphragmatic 
pleurisy.  The  functional  signs  are  simply  those  resulting  from  the 
interference  with  respiration  caused  by  the  neuralgic  pain,  which  is 
aggravated  by  any  increased  respiratory  movements. 

The  treatment  must  be  directed  first  against  the  general  disease. 
Locally,  we  may  make  use  of  revulsives  or  hypodermic  injections  of 
antipyriu  or  morphine,  though  we  must  be  cautious  in  the  use  of  the 
latter  drug  in  an  affection  which  is  apt  to  be  so  obstinate  as  this. 
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THE   BLOOD. 


In  an  anatomical  sense  the  blood  may  be  looked  upon  as  a  tissue 
composed  of  cells  and  a  fluid  intercellular  substance.  In  a  physiolog- 
ical and  biological  sense,  however,  there  is  a  most  important  differ- 
ence between  this  and  other  tissues.  All  of  the  tissues  enjoy  a  more 
or  less  pronounced  independence,  growing  by  cell  multiplication  and 
exercising  specific  functions  locally  or  upon  the  economy  through  the 
blood  or  in  other  ways.  Such  independence  is  wanting  to  the  blood. 
The  reproduction  of  its  cellular  elements  occurs  in  specific  organs,  and 
the  integrity  of  its  intercellular  or  fluid  part  is  dependent  upon  the 
general  systemic  metabolism,  upon  the  state  of  the  fixed  tissues,  the 
proper  maintenance  of  the  circulation,  etc.  The  blood  is  therefore 
in  every  respect  a  subservient  tissue,  if  we  may  call  it  a  tissue  at  all. 
Its  diseases  are  rather  results  of  underlying  derangements  of  other 
structures  than  primary  disorders,  though  we  are  often  entirely  in 
the  dark  regarding  the  primitive  disturbances,  and  rarely  understand 
the  exact  manner  in  which  alterations  or  disorders  of  the  blood  itself 
are  produced. 

The  blood  is  a  liquid  of  red  color,  rather  viscid,  and  of  alkaline 
reaction.  It  consists  of  a  watery  or  fluid  part,  the  liquor  sanguinis, 
or  plasma,  an  albuminous  and  saline  liquid ;  and  cellular  elements  or 
corpuscles.  The  latter  are  of  three  kinds:  red  corpuscles  or  e?7/- 
tlirocytes ;  white  corpuscles,  colorless  corpuscles,  or  leucocytes;  and 
hhod  pjlaques.  The  red  color  of  the  blood  is  due  to  an  albuminous 
and  iron-containing  pigment  called  hcemoglobin  which  is  found  in  the 
red  corpuscles  and  makes  up  the  greatest  part  of  their  bulk.  In  the 
arterial  blood  this  is  combined  with  oxygen  forming  oxyhgemoglobin, 
to  which  the  bright-red  color  of  this  blood  is  due;  in  the  venous 
blood  much  of  the  oxygen  has  been  abstracted  and  the  reduced  hcemo- 
globin gives  a  darker  color  to  the  blood.  Other  changes  occur  in  the 
saline  constitution  and  the  amount  of  water,  but  the  changes  in  the 
haemoglobin  are  most  important.  When  blood  escapes  from  the 
body,  clotting  or  coagulation  usually  occurs  in  a  few  minutes  and  a 
solid  clot  is  formed.     This  consists  of  a  meshwork  of  fibrin,  entan- 
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gling  red  corpuscles  more  or  less  abundantly  according  to  tlie  way  in 
whicli  the  clotting  lias  occurred.  After  a  time  the  clot  contracts  and 
a  clear  liquid  of  red  color  is  expressed  and  lies  above  the  clot  in  the 
vessel  in  which  coagulation  has  occurred.  This  liquid  is  the  serum 
of  the  blood. 

The  total  quantity  of  the  blood  is  not  easily  determined,  and 
probably  differs  in  different  persons  of  the  same  weight,  as  it  differs 
in  various  animals.  The  normal  quantity  is  ordinarily  considered  to 
be  about  one-thirteenth  of  the  body  weight. 

Blood  Formation. 

The  process  of  blood  formation,  though  it  has  been  studied  with 
the  greatest  zeal  by  nearly  all  of  the  distinguished  histologists,  re- 
mains exceedingly  obscure  in  a  number  of  particulars.  Certain  facts, 
however,  have  been  discovered  and  are  accepted  by  nearly  all  au- 
thorities. It  is  admitted  that  during  early  embryonic  life  the  red 
corpuscles  first  make  their  appearance  in  the  mesoblastic  columns 
which  go  to  the  formation  of  the  vascular  channels.  These  columns 
are  solid  masses  of  cells  in  the  midst  of  which  certain  nucleated  forms 
are  observed.  These  in  the  earlier  stages  contain  no  coloring  matter 
but  later  become  pigmented  with  haemoglobin.  In  this  manner  a 
nucleated  haemoglobin-containing  corpuscle  is  formed,  while  the  sur- 
rounding cells  become  differentiated  to  form  the  walls  of  the  vascular 
channel.  Subsequently  for  a  certain  period  all  of  the  blood  corpus- 
cles have  the  same  appearance  and  are  formed  in  a  similar  manner 
within  the  primitive  blood-vessels,  the  reproduction  of  the  cells  tak- 
ing place  by  karyokinesis.  These  facts  were  first  developed  by 
Kolliker.  At  a  subsequent  period,  according  to  Neumann,  the  liver 
becomes  an  important  seat  of  hsemogenesis,  red  blood  corpuscles 
having  appearances  like  those  of  the  forms  previously  described  orig- 
inating within  the  venous  capillaries  of  this  organ.  At  this  stage  it 
is  maintained  that  the  liver  is  the  important  seat  of  haemogenesis. 
About  the  same  time  or  later  the  white  corpuscles  first  make  their 
appearance  in  the  blood.  The  spleen  comes  into  activity  at  about 
the  fifth  month  and  takes  the  place  of  the  liver,  which  grows  gradually 
less  active.  Finally,  the  bone  marrow  is  concerned  with  the  forma- 
tion of  the  red  corpuscles  during  foetal  life  and  for  some  time  before 
birth;  and  after  birth  it  becomes  the  most  important  seat  of  hsemo- 
genesis. During  the  period  in  which  the  spleen  and  bone  marrow 
have  become  active  the  nucleated  red  corpuscles  grow  less  abundant 
and  finally  disappear  entirely  from  the  blood  so  that  at  birth  they  are 
rarely  found.     The  important  part  played  by  the  bone-marrow  in  the 
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formation  of  the  red  corpuscles  was  independently  observed  and  de- 
scribed by  Neumann  and  Bizzozero  in  1868,  though  the  latter  has 
more  frequently  received  the  credit  for  it.  These  observers  noted 
the  abundance  in  the  marrow  of  nucleated  red  corpuscles  and  looked 
upon  these  as  the  progenitors  of  the  fully  developed  erythrocytes. 

The  views  thus  far  detailed  have  been  accepted  by  the  majority  of 
haemologists ;  but  regarding  certain  details  and  regarding  the  seat 
and  manner  of  development  of  certain  of  the  cells  alluded  to,  differ- 
ence of  opinion  still  exists.  For  example,  the  manner  in  which  the 
uucleated  corpuscles  become  converted  into  non-nucleated  red  cells 
has  given  rise  to  much  discussion. 

According  to  Bizzozero  and  Neumann  the  nuclei  of  the  erythro- 
blasts  gradually  undergo  disintegration  and  thus  disappear.  This 
^dew  has  recently  been  defended  by  Freiberg  in  his  inaugural  dis- 
sertation. On  the  other  hand,  Eindfleisch  and  Howell  insist  that 
the  nuclei  are  extruded  from  the  cell  and  for  a  time  circulate  as 
free  nuclei,  and  the  former  observer  with  Fellner  claims  to  have 
obser^^ed  this  process  actually  taking  place,  while  Howell  explains 
the  concavity  of  the  red  cells  by  the  assumption  that  the  es- 
cape of  the  nucleus  leads  to  a  sinking  in  of  the  centre  of  the  disc. 
Ehrlich  has  united  both  views  and  holds  that  the  small  nucleated 
erythrocytes  (normoblasts)  extrude  their  nuclei,  while  the  nucleus  of 
the  megaloblast  disappears  by  disintegration.  Notwithstanding  the 
fact,  to  which  Neumann  and  others  have  directed  attention,  that  the 
extrusion  of  the  nucleus  noted  by  certain  investigators  has  been  due 
to  the  mechanical  or  chemical  influences  under  which  the  investiga- 
tions were  conducted,  it  seems  certain  that  the  nuclei  frequentlj'  do 
escape  in  this  manner,  as  I  have  observed  in  fresh  blood  beneath  the 
cover-glass.  It  is  quite  likely,  however,  that  such  extrusion  is  ex- 
ceptional and  unessential. 

Regarding  the  place  of  origin  of  the  nucleated  corpuscles,  Bizzo- 
zero found  that  they  are  produced  in  the  venules  of  the  bone  marrow, 
which  may  frequently  be  found  to  contain  abundant  erythroblasts, 
presenting  mitotic  figures.  This  view  has  been  confirmed  by 
Mackenzie  and  Galloway,  by  Freiberg  and  others.  Difference  of 
opinion,  however,  exists  as  to  the  origin  of  these  cells  in  the  marrow, 
Bizzozero  holding  that  the  nucleated  corpuscles  invariably  arise  by 
nuclear  di^dsion  from  jjre-existing  cells  of  the  same  kind,  while  a 
number  of  other  observers  believe  that  the  hgematoblasts  or  primitive 
nucleated  red  cells  are  formed  from  non-pigmented  marrow  cells  by 
the  gradual  assumption  of  haemoglobin. 

While,  however,  this  pre-eminence  of  the  bone  marrow  is  gener- 
ally admitted,  the  fact  must  not  be  lost  sight  of  that  the  spleen,  the 


236  STENGEL — DISEASES  OE  THE   BLOOD. 

lymphatic  glands,  and  tlie  other  lymphadenoid  structures  do  take  a 
part  in  blood  formation  in  post-embryonal  life.  This  was  asserted  for 
the  spleen  by  Bizzozero,  Salvioli,  and  Eliasberg,  the  latter  calling 
attention  to  the  abundance  of  nucleated  red  cells  in  the  spleen  after 
hemorrhage;  and  by  Lowit,  Miiller,  and  Wertheim  for  the  lymphatic 
glands. 

It  may  be  well  at  this  time  to  notice  briefly  some  of  the  more  im- 
portant theories  regarding  the  primitive  origin  of  the  red  corpuscles. 

The  theory  of  Lowit  has  received  a  great  deal  of  attention,  though 
it  has  not  been  generally  accepted.  This  observer  maintained  that 
the  red  .and  white  corpuscles  are  formed  in  two  separate  series,  the 
one  having  no  connection  whatever  with  the  other;  and  he  holds  that 
the  spleen,  the  marrow,  and  the  lymphatic  glands  are  concerned 
almost  in  equal  degree  in  the  formation  of  the  blood  corpuscles.  The 
red  corpuscles  originate  from  certain  cells,  designated  erythroblasts, 
which  divide  by  karyokinesis  and  present  no  amoeboid  movements  of 
their  protoplasm ;  while  the  leucocytes  originate  from  leucoblasts  which 
invariably  divide  by  direct  division  {divisio  indirecta  per  granula)  and 
present  e^ddences  of  amoeboid  movement  of  the  protoplasm. 

H.  F.  Miiller  and  Wertheim  hold  that  the  white  and  red  corpus- 
cles have  a  common  origin  in  the  blood,  spleen,  Ij^mphatic  glands,  and 
bone  marrow,  the  common  mother  cells  dividing  by  mitosis  and  giv- 
ing rise  to  red  corpuscles  or  to  polj^morphous  leucocytes.  In  the 
formation  of  the  latter,  the  cells  formed  by  the  division  of  the  primi- 
tive mother  cell  are  mononuclear  leucoblasts,  resembling  the  original 
mother  cell  but  becoming  subsequently  converted  into  polymorphous 
white  corpuscles.  The  red  corpuscles  may  be  formed  directly  from 
the  primitive  mother  cell  by  the  appropriation  of  hsemoglobin,  or  in- 
directly from  secondary  or  daughter  cells  of  the  same  generation  as 
the  leucoblasts. 

Hay  em  has  maintained  the  theory,  which  has  been  largely  accepted 
by  the  Trench  hsematologists,  that  the  red  corpuscles  in  large  part 
originate  from  the  blood  plaques  or,  as  Hayem  terms  them,  the 
hcematoblasts.  This  view  was  suggested  by  the  fact  that  the  latter 
formations  are  particularly  abundant  in  the  blood  during  processes 
of  regeneration,  and  Hayem  describes  corpuscles  which  seem  to  illus- 
trate a  gradual  transition  of  the  plaques  into  red  corpuscles.  The 
origin  of  the  hcematoblasts  themselves  is  supposed  to  be  from  the 
white  corpuscles  within  the  lymphatic  channels.  This  theory,  how- 
ever, has  received  little  confirmation  and  has  been  practically  dis- 
proved by  Bizzozero,  Neumann,  and  others. 

The  origin  of  the  white  corpuscles  is  quite  differently  interpreted 
by  different  investigators.     The  views  of  Lowit  and  Miiller  are  suffi- 
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ciently  detailed  in  tlio  foregoing.  Other  observers,  however,  deny 
that  there  is  any  connection  between  these  and  the  red  corpuscles. 
At  the  present  time  this  is  the  prevailing  view.  The  origin  of  the 
leucocytes,  however,  is  sufficiently  obscure  without  considering  their 
relations  with  the  erythrocytes.  Virchow  first  called  attention  to  the 
small  mononuclear  forms  and  the  larger  elements,  and  held  that  the 
former  originate  in  the  lymphatic  glands,  w^hile  the  latter  spring  from 
the  spleen.  He  distinguished  the  conditions  lympJuemia  and  splence- 
mia,  according  as  one  or  the  other  leucocytic  form  is  abundant.  Such 
a  distinction  has  been  maintained  even  in  recent  years,  though  the 
investigations  of  Lowit,  Arnold,  and  others  have  established  the  fact, 
now  quite  generally  recognized,  that  the  small  mononuclear  forms  or 
lymphocytes  are  the  youngest  white  corpuscles  and  maj'  originate  in 
the  lymphatic  glands,  the  spleen,  or  the  marrow,  while  the  larger 
forms  and  the  polymorphous  elements  are  direct  or  indirect  deriva- 
tives. In  the  spleen  and  in  the  lymphatic  glands  the  formation  of 
the  leucocytes  takes  place  by  karyokinesis,  the  Malfjighian  bodies 
and  the  lymphatic  follicles  being  the  centres  of  development — genn 
centres  (Flemming).  The  lymjjh  contains  abundant  small  mono- 
nuclear forms  which  have  thus  originated.  These  subsequently  en- 
large and  probably  pass  through  a  more  or  less  regular  cycle  of  life. 
In  this  transformation  the  blood-making  organs  doubtless  exercise  a 
second  function.  Ehrlich  and  his  followers  have  sought  to  determine 
the  process  of  leucocytic  development  by  the  methods  of  color  analy- 
sis, but  thus  far  these  studies  have  failed  to  show  in  what  situations 
and  in  what  manner  the  transformations  occur.  It  is  quite  certain 
that  the  changes  do  not  take  place  in  the  blood  itself ;  and  it  is  prob- 
able that  the  bone  marrow  plays  an  important  role.  The  eosino- 
phile  leucocytes,  at  one  time  regarded  by  Ehrlich  as  myelogenic  in 
origin,  are  certainly  not  the  exclusive  product  of  the  marrow.  The 
large  colorless  cells  occasionally  met  with  in  disease  and  known  as 
myelocj'tes  do  seem  undoubtedly  to  be  marrow  cells  in  the  strictest 
sense  of  the  word. 

The  maintenance  of  the  plasma  is  dependent  upon  the  integrity  of 
the  various  organic  functions,  and  its  condition  is  undoubtedly  influ- 
enced, though  often  but  little,  by  every  disturbance  of  the  physiolog- 
ical processes. 

Composition  of  the  Blood  as  a  Whole. 

The  specific  gravity  of  the  blood  has  been  determined  by  a  large 
number  of  observers.  The  degree  of  density  depends  upon  the  quan- 
tity of  water  and  also  upon  the  amount  of  solid  residue.  The  addi- 
tion or  abstraction  of  water  from  the  circulating  blood  may  occur 
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under  diverse  conditions,  affecting  the  circulation,  the  metabolic  activ- 
ities of  the  tissues,  and  other  functions,  and  the  change  in  specific 
gravity  may  be  very  considerable.  Normally  this  varies  at  different 
ages  and  in  different  individuals,  between  the  limits  1.040  and  1.065. 
The  average,  however,  may  be  taken  to  be  somewhere  about  l.Ooo. 
At  birth  Jones  found  it  1.066,  but  the  density  sinks  rapidly  and  by 
about  the  second  year  it  falls  to  the  minimum,  fi'om  which  there  is  a 
gradual  and  progressive  ascent  throughout  life.  The  amount  of 
water  in  tlie  total  blood  varies  from  76  to  80  per  cent.,  the  solid 
residue  being  from  20  to  24  per  cent. 

Among  the  important  constituents  are  the  albumins  and  other 
nitrogenous  substances.  Of  the  albumins  the  haemoglobin  of  the  red 
corpuscles,  the  seram -albumin  and  serum-globulin  of  the  serum,  and 
the  remaining  albuminous  substances  of  the  corpuscles  are  impoi*tant. 
The  relations  of  these  are  considered  in  the  discussion  of  the  corpus- 
cles and  the  senim.  Under  abnormal  conditions  it  has  been  held  by 
a  number  of  observers  that  peptone  may  occur  in  the  blood,  and  in 
particular  this  has  been  claimed  for  leukaemia.  Eecent  investigations, 
however,  would  seem  to  indicate  that  the  peptones  described  have 
been  either  albumoses  mistaken  for  peptones  or  post-mortem  devel- 
ojiments.  True  peptone  in  the  sense  of  Kiihne  has  never  been  satis- 
factorily demonsti'ated  (see  Leukaemia). 

Among  the  nitrogenous  substances  uric  acid  occurs  in  traces  in 
the  normal  blood,  but  may  be  found  in  considerable  proportion  in 
certain  diseases,  notably  in  gout,  leukaemia,  and  other  anaemias. 
This  has  been  ascribed  to  decreased  oxidation,  but  the  explanation 
does  not  suffice  in  many  instances.  The  close  relation  of  uric  acid  to 
leucocytic  desti'uction,  particularly  to  disintegration  of  the  nuclei  of 
the  white  corpuscles,  has  recently  occupied  much  attention ;  and  in 
leukaemia  and  in  leucocytosis  the  proportions  of  uric  acid  in  the  blood 
undoubtedly  bear  a  direct  relation  to  the  destniction  of  leucocytes. 
Such  a  desti'uction  may  occur  in  the  blood  itself,  and  Xeusser  has 
recently  pointed  to  certain  (demonstrable  changes  in  the  leucocytes 
suggestive  of  such  destruction  in  the  blood  or  within  the  tissues  of 
the  body. 

Urea  may  appear  in  the  blood  in  large  quantities  in  cases  of 
nephritis  and  particularly  during  uraemia  as  well  as  in  fevers.  Am- 
monium occasionally  occurs  in  small  amounts.  The  so-called  xan- 
thin  bases,  hypoxanthin  and  xanthin,  have  been  found  particularly 
abundant  in  leukaemia.  The  presence  of  increased  quantities  of  these 
bodies  has  the  same  significance  as  excess  of  uric  acid,  the  produc- 
tion of  all  of  these  substances  occurring  when  cellular  disintegration 
takes  place. 
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Among  the  inorganic  constituents  of  the  solid  residue  of  the  blood, 
chlorine,  potassium,  sodium,  and  iron  are  of  the  greatest  im- 
portance. 

The  total  quantity  of  inorganic  substances  according  to  Schmidt's 
analyses  constitutes  5  ]^er  cent,  of  the  entire  bulk  of  the  blood,  while 
the  total  residue  is  17.5  per  cent.  The  percentage  of  chlorine 
varies  from  27  to  31  or  more  per  cent,  of  the  total  ash,  the  potas- 
sium from  17  to  21,  the  sodium  from  22  to  28,  and  the  iron  from 
5  to  6  per  cent.  These  proportions  vary  considerably  in  different 
diseases  (see  Ansemia) . 

Carbohydrate  substances,  notably  grape  sugar  and  glycogen,  are 
found  iu  small  proportions.  The  former  of  these  is  met  with  in  large 
quantities  in  diabetes  and  according  to  Freuiid  and  Trinkler  in  car- 
cinoma. Glycogen  appears  to  occur  in  the  leucocj'tes  of  the  blood 
as  in  pus  and  also  to  a  certain  extent  in  the  plasma  of  the  blood. 
The  nature  of  the  substances  looked  upon  as  glycogen  within  the 
leucocytes  has,  however,  been  questioned. 

A  glycolytic  ferment  and  a  diastatic  ferment  are  met  with  in  the 
blood  in  various  conditions.  The  former  is  regarded  as  of  particular 
significance  in  the  pathology  of  diabetes  by  Lepine. 

Fatty  acids  are  occasionally  present  in  small  traces  (lijmcidcemia). 
Von  Jaksch  has  frequently  met  with  them,  particularh-  in  cases  of 
fever,  leukaemia,  diabetes,  and  acute  yellow  atrojjhy  of  the  liver. 

Fat  (see  Lipgemia) ,  cholesterin,  lecithin,  and  soaps  are  normal  con- 
stituents. 

The  gases  of  the  blood  include  oxygen,  carbonic  oxide,  and  nitro- 
gen. The  amount  of  oxygen  decreases  and  the  CO.^  increases  in 
venous  blood.  The  latter  forms  combinations  with  the  saline  constit- 
uents, especially  with  the  sodium ;  the  former  is  mainly  in  associa- 
tion with  h£emoglobin. 

The  alkalinity  of  the  blood  varies  somewhat  in  different  conditions, 
though  the  unsatisfactory^  character  of  the  methods  thus  far  devised 
prevent  positive  deductions  from  the  experiments  recorded.  It  is 
dependent  in  the  largest  measure  upon  the  presence  of  sodium  in  the 
form  of  carbonates  and  phosphates.  A  reduction  of  the  alkali  lead- 
ing to  "a  reduced  power  of  absorption  of  carbonic  acid  occasions  the 
phenomena  of  so-called  acid  intoxication,  which  is  developed  with 
striking  intensity  in  herbivorous  animals  only.  The  determination 
of  the  degree  of  alkalinity  is  wholly  unsatisfactory'.  Methods  have 
been  employed  in  which  the  amount  of  C0„  is  estimated  by  abstract- 
ing the  gas  1)7-  vacuo.  These  are  accurate  in  so  far  as  they  indicate 
the  amount  of  carbonic  acid,  but  the  alkalinity  is  not  entirely  due  to 
alkalies  in  combination  with  carbonic  acid,  and  in  addition  this  acid 
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in  small  quantity  at  least  would  seem  to  enter  into  combination  with 
calcium.  The  alkalimetric  methods  of  determining  the  amount  of 
alkalinity  by  titration,  on  the  other  hand,  are  unsatisfactory,  as  the 
entire  quantity  of  alkaline  bases  are  not  concerned  in  the  alkalinity, 
and  notable  differences  result  from  the  use  of  the  entire  blood  or  of 
the  plasma.  Upon  the  whole  the  gasimetric  methods  seem  the  most 
reliable  in  indicating  the  extent  to  which  available  alkaline  bases 
have  entered  into  combination  with  CO.^. 

The  Chemical  Composition  of  the  Seeum. 

Chemical  analysis  of  the  serum  shows  a  special  richness  in  chlor- 
ides and  sodium,  while  the  amount  of  potassium  and  albuminous 
bodies  is  small  in  comparison  with  that  found  in  the  corpuscles. 

The  specific  gravity  is  normally  about  1.025  to  1.030.  In  anaemic 
disease  the  average  was  found  by  Becquerel  and-Kodier  to  be  1.017. 
The  color  of  the  serum  is  due  to  a  pigment  of  doubtful  composition. 
Hammersten  held  this  to  be  identical  with  bile  pigment,  but  his  view 
has  not  been  generally  accepted.  Spectroscoxjically,  however,  the 
violet  end  of  the  spectroscope  is  darkened  as  is  the  case  with  the 
blood  in  jaundice,  though  less  decidedly  so.  Krukenberg  holds  that 
the  color  is  due  to  the  same  pigment  as  that  occurring  in  fat,  the  Z^^:)0- 
clirom,  and  he  found  the  same  absorption  bands  with  the  spectroscope. 
The  pigment  of  the  serum  is  soluble  in  alcohol  and  ether  and  changes 
to  a  blue  color  when  treated  with  iodine  and  sulphuric  acid.  The 
color  is  altered  in  conditions  such  as  hsemoglobinsemia  and  jaundice, 
in  which  abnormal  substances  are  superadded. 

Among  the  albuminous  substances  serum-albumin  and  serum- 
globulin  are  always  present,  and  the  proportion  of  these  varies  but 
little  in  various  forms  of  disease  or  in  health  under  various  circum- 
stances. The  total  quantity  of  albumin  according  to  Hammersten  is 
somewhat  more  than  7.6  per  cent.  The  relative  proportion  of  serum- 
globulin  to  serum-albumin  is  as  1  to  1  or  1^.  In  diseases  in  which 
the  albumin  of  the  blood  is  destroyed  the  globulin  increases  in  quan- 
tity, while  serum-albumin  decreases;  and  in  elevations  of  blood  pres- 
sure the  serum-albumin  escapes  while  the  globulin  is  retained. 

Of  the  saline  constituents  of  the  serum  the  sodium  salts  constitute 
by  far  the  greatest  part,  these  bases  being  in  combination  with  phos- 
phoric acid,  carbonic  acid,  and  sulphuric  acid,  and  with  chlorine  as 
sodium  chloride.  Of  the  phosphates,  neutral  and  acid  phosphates 
are  important. 

The  specific  gravity  and  correspondingly  the  amount  of  water  in 
the  serum  varies  somewhat  with  disturbances  of  circulation  and  with 
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diseased  conditions  with  which  loss  of  wuter  or  retention  of  water  is 
associated. 

Changes  in  the  Vital  Properties  of  the  Serum. 

The  blood  serum,  though  in  its  chemical  aspects  merely  an  albu- 
minous and  saline  li(]uid,  is  of  such  composition  that  it  is  capable  of 
exercising  most  imi)ortant  vital  properties.  Investigations  have 
shown  that  the  serum  under  various  conditions  has  the  power  to  de- 
stroy living  organisms  or  bacteria,  to  disintegrate  red  blood  corpus- 
cles, and  to  cause  a  general  toxaemia.  These  properties  have  been 
recognized  for  a  long  time,  and  Landois,  in  particular,  called  atten- 
tion in  his  studies  on  transfusion  to  the  i)ower  possessed  by  the  serum 
of  destroying  red  corpuscles. 

Among  others,  Buchner,  Maragliano  and  Castellino,  Daremberg, 
Eummo,  and  Carter  have  recently  studied  the  changes  which  the 
serum  undergoes  in  various  conditions,  particularlj^  with  reference  to 
its  toxic  and  globulicidal  action.  The  serum  of  one  animal  is  often 
intensely  toxic  for  another,  as  is  the  serum  of  certain  diseases  for 
healthy  animals.  An  increase  of  the  globulicidal  power  (or  the 
power  to  destroy  blood  corpuscles)  has  been  found  in  various  anaemic 
conditions  and  in  a  number  of  general  diseases  by  Maragliano,  Gil- 
bert, and  others.  This  is  ti-ue  of  the  action  of  the  serum  not  only  upon 
corpuscles  of  the  lower  animals,  but  also  upon  corpuscles  of  healthy 
human  beings,  and  has  been  demonstrated  by  the  decrease  in  number 
of  the  corpuscles  in  an  animal  after  injection  and  also  directly  on  a 
slide  beneath  the  microscope.  The  essential  nature  of  the  changes  or 
of  the  conditions  which  give  to  the  serum  this  globulicidal  power  has 
not  as  yet  been  determined,  though  the  amount  of  the  saline  matter 
contained  in  it  would  seem  to  be  important  and  the  substances  most 
immediately  concerned  are  probably  albuminous  in  nature.  The 
globulicidal  projjerty,  however,  is  distinct  from  the  toxicity  of  the 
serum,  as  the  former  may  be  removed  by  heating  to  cei-tain  degrees 
(55  to  60^  C),  while  the  latter  remains  unaffected.  To  a  large  ex- 
tent the  toxicity  is  dependent  uj^on  the  property  of  exciting  coagula- 
tion in  the  smaller  vessels  of  various  organs. 

Undoubtedly  the  conditions  of  the  serum  are  primarily  dependent 
upon  alterations  in  the  metabolism  in  various  tissues  or  organs  of 
the  body  more  frequently  than  upon  changes  produced  directly  in  the 
blood  itself.  In  cases  of  infection  the  toxic  properties  are  due  to 
additions  to  the  blood  from  the  primary  seat  of  disease  in  most  in- 
stances, though  occasionally  no  doubt  the  multiplication  and  growth 
of  organisms  within  the  blood  itself  may  produce  similar  results  in 
loco.  The  whole  question,  however,  of  toxicity  and  bactericidal  power 
Vol.   YIL  — 16 
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of  the  serum  is  more  appropriately  considered  in  connection  with  the 
study  of  infections. 

The  Eed  Corpuscles. 

Structure. — The  red  blood  corpuscle,  or  erythrocyte,  as  it  occurs  in 
the  adult  is  a  rounded  disc  of  elastic  material,  having  a  concavity  or 
indentation  upon  each  face,  so  that  when,  viewed  from  either  surface 
it  presents  a  light-colored  area  representing  the  thinner  part  in  the 
centre  and  when  viewed  from  the  edge  shows  a  biscuit-shaped  forma- 
tion. The  surface  is  smooth  and  the  outline  as  a  rule  entirely  cir- 
cular; the  color  is  light  amber  or  yellowish.  The  corpuscles  in  the 
freshly  drawn  blood  are  extremely  elastic,  as  may  be  seen  when  cur- 
rents of  the  plasma  move  them  about,  and  they  tend  to  run  together 
with  the  formation  of  columns  resembling  rolls  of  coin  (rouleaux) . 

Histologically  the  corpuscles  consist  of  an  albuminous  haemoglobin- 
containing  substance  and  a  delicate  stroma.  There  is  no  cell  mem- 
brane. Foa  holds  that  there  is  an  outer  layer,  the  haemoglobin  layer 
consisting  of  a  fine  network  in  the  meshes  of  which  are  exceedingly 
fine  granules  which  take  the  eosin  stain  with  special  avidity,  while 
the  inner  part  of  the  corpulscle  consists  of  homogeneous  protoplasm. 

Size.— The  size  of  the  individual  corpuscles  varies  greatly,  the 
average,  however,  being  from  7.5  to  8/j-.  According  to  Hayem  12  per 
cent,  are  small  in  size  (6  to  6.6  /j-,  globules  nains),  75  per  cent,  middle 
sized  (7-7.5  p),  and  12  per  cent,  large  sized  (8  to  9  /'■,  globules  giants). 
In  the  new-born  the  size  differs  more  markedly  than  in  the  adult ; 
while  striking  variations  occur  in  disease,  as  will  be  jjresently  de- 
scribed. 

Number. — The  number  of  red  corpuscles  is  estimated  for  given 
quantities  of  blood,  no  practical  method  as  yet  having  been  devised 
by  which  the  amount  of  blood  in  the  body  can  be  determined  clini- 
cally. The  total  number  of  red  corpuscles  therefore  remains  unde- 
termined. The  examinations  of  different  investigators  show  the 
average  number  of  red  corpuscles  per  cubic  millimetre  in  the  healthy 
male  to  be  about  5,000,000  and  in  the  healthy  female  about  4,500,000. 
The  individual  figures,  however,  vary  considerably  from  this.  In  the 
new-born  nearly  all  investigators  have  found  higher  numbers. 
Hay  em's  figures  being  6,262,000  as  the  maximum  and  4,340,000  as 
the  minimum.  Other  observers  have  found  similar  numbers.  When 
the  cord  is  tied  before  the  cessation  of  the  pulsations  in  the  umbilical 
artery  the  number  of  corpuscles  in  the  blood  of  the  new-born  is  some- 
what smaller  than  in  cases  in  which  tying  the  cord  is  delayed.  Thus 
Hayem  found  on  the  average  5,087,000  in  the  former  cases  and 
5,576,000  in  the  latter  cases.     Helot  obtained  similar  results. 
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Various  physiological  aud  pathological  conditions  affect  the  num- 
ber of  the  cori^uscles,  and  more  or  less  transitory  variations  and  fluc- 
tuations are  noticed  in  every  individual  from  time  to  time.  These 
variations  Avill  be  considered  more  in  detail  under  the  head  of  jjoly- 
cyth.iemia  and  anajmia. 

Volume. — ^The  mass  of  the  red  corpuscles  in  the  blood  has  recently 
been  studied  by  a  number  of  investigators,  some  of  whom  would  give 
to  this  a  greater  significance  than  the  determination  of  the  actual 
number  per  cubic  millimetre.  The  figures  obtained  by  different  in- 
vestigators, however,  have  varied  widely,  and  the  methods  thus  far 
devised  do  not  seem  entirely  satisfactory.  Using  the  centrifuge  Da- 
land  found  the  blood  corpuscles  to  constitute  44  to  66  per  cent,  of  the 
entire  volume  of  the  blood  in  fifty-five  healthy  men  and  36  to  49  per 
cent,  in  eight  healthy  women.  Gartner  found  the  proportions  46.5 
to  48  per  cent. ,  and  Herz  estimated  the  normal  volume  at  40  to  50  per 
cent.  The  method  of  the  Bleibtreu  brothers  has  generally  given 
smaller  figures,  Wendelstadt  and  Bleibtreu  having  found  the  pro- 
portions to  vary  from  25.15  to  41.1  per  cent.  In  anaemic  conditions 
the  volume  of  corpuscles  may  become  decidedly  decreased,  the  last- 
named  authors  having  found  the  percentage  to  vary  from  9.52  to  49.1 
per  cent. 

The  volume  of  the  iyidividual  red  corpuscle  may  be  approximately 
determined  by  the  estimation  of  the  number  per  cubic  millimetre  and 
the  determination  of  the  entire  volume  of  corpuscles.  The  final 
result  of  course  merely  approximates  the  actual  volume,  since  the 
figures  are  so  great  that  slight  errors  would  occasion  considerable 
difference  in  the  result.  Welcker  estimated  the  volume  at  772  C. 
(C.  being  1:10,000,000,000  c.mm.).  Other  observers  have  found 
larger  numbers  varying  from  that  named  up  to  1,300  C.  or  more. 

Chemical  Composition. — The  chemical  composition  of  the  red  cor- 
puscles has  been  frequently  studied  since  the  first  investigation  by  C. 
Schmidt.  The  striking  features  are  the  small  quantity  of  water  and 
the  large  amount  of  albuminous  substances.  The  most  important 
constituent  of  the  red  corpuscles  is  the  haemoglobin,  an  albuminous 
substance  containing  iron.  This  constitutes  nearly  14  per  cent,  of 
the  weight  of  the  blood  as  a  whole,  and  40.4  per  cent,  of  the  weight 
of  the  moist  red  corpuscles;  and  it  makes  up  95.5  per  cent,  of  the 
organic  matters  of  the  red  cells.  Among  the  remaining  organic  con- 
stituents are  other  albumins  (nucleoalbumin) ,  lecithin,  cholesterin. 
(For  further  consideration  of  hcemoglohin,  see  Spectroscopic  Examina- 
tion of  the  Blood.)  The  amount  of  iron  in  1,000  gm.  of  blood  cells 
has  been  variously  estimated  at  0.998  to  3.561  gm.,  according  to  the 
degree  of  insi)issation  or  hydrsemia  of  the  blood.     The  amount  of  nitro- 
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gen  was  estimated  by  v.  Jakscli,  wlio  found  tliat  the  normal  x^ropor- 
tions  vary  from  4.93  to  6.38  per  cent.,  the  average  being  5.52  per 
cent.  This  jjroi^ortion  varies  greatly  in  anaemias.  The  total  amount 
of  dry  residue  has  been  found  by  Biernacki  to  be  29.28  to  29.99  per 
cent,  in  two  healthy  persons.  Among  the  inorganic  constituents 
sodium,  potassium,  chlorine,  phosphoric  acid,  and  iron  are  of  yjartic- 
ular  interest.  With  increasing  hydrsemic  conditions  the  amount  of 
chlorine  usually  increases  according  to  Biernacki.  The  potassium, 
phosphoric  acid,  and  iron  are  moderately  increased  in  the  corpuscles 
in  mild  anaemias  and  reduced  in  severe  anaemias,  and  usually  the  three 
are  affected  in  about  equal  proportions.  The  same  author  found  that 
the  amount  of  haemoglobin  in  the  corpuscles  is  on  an  average  greater 
in  ansemic  conditions  than  normally,  this  being  no  doubt  dependent 
upon  the  varying  quantity  of  water.  The  most  variable  constituent 
of  the  red  corpuscle  is  water,  the  albuminous  substances  being  rela- 
tively constant  in  amount. 


'  Physiological  Functions  of  the  Red  Corpuscles. 

The  important  role  of  these  structures  is  the  absorption  of  oxygen 
in  the  lungs  and  its  transportation  to  the  tissues.  The  haemoglobin 
is  the  active  agent  in  this  function,  and  as  this  substance  forms  by  far 
the  greatest  part  of  the  weight  and  bulk  of  the  corpuscle  the  oxygen- 
carrying  function  would  appear  to  be  the  most  important  property  of 
the  corpuscle. 

Abnormalities  of  the  Red  Corpuscles. 

Not  unusually  small  forms  or  mia-ocytes  occur  in  severe  anaemic 
affections,  in  various  intoxications,  after  hemorrhage  or  extensive 
burns.  These  corpuscles  may  vary  from  2  to  4  or  5  p-  in  diameter, 
and  may  be  simple  discs  or  biconcave  iicrmations.  They  were  first 
observed  by  Masius  and  Yanlair.  Undoubtedly  they  are  in  part 
merely  young  forms,  as  Hay  em  and  Eichhorst  have  maintained;  but 
it  would  appear  that  in  part  also  they  result  from  segmentation  of 
the  red  corpuscles  in  consequence  of  degenerative  processes,  and  the 
theory  has  been  advanced  by  Litten  that  they  are  dependent  upon  the 
amount  of  saline  matter  in  the  blood  and  more  recently  by  Biernacki 
that  they  are  due  to  the  discharge  of  plasma  contained  within  the  red 
corpuscle  with  a  consequent  decrease  in  their  size.  Their  frequent 
occurrence  after  hemorrhage  and  in  process  of  blood  regeneration, 
however,  warrants  the  belief  that  they  are  in  most  instances  young 
forms  and  significant  in  the  process  of  blood  regeneration. 
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Corpuscles  of  excessive  size  {/iiacroci/tes,  viegaloci/tes)  are  observed 
in  severe  anaemias,  notably  in  pernicious  anaemia.  They  may  vary 
in  diameter  from  9  to  12  or  14  ,"  and  their  i)rotoplasm  is  often  dis- 
tinctly paler  than  that  of  the  normal  corpuscle,  while  there  is  fre- 
quently no  evidence  of  biconcavity.  Forms  of  this  description  are 
exceedingly  common  in  the  lymphoid  marrow  in  conditions  in  which 
there  is  active  haemogenesis,  and  they  ma^-  be  looked  upon  as  cor- 
puscles which  have  found  their  way  into  the  blood  in  an  unfinished 
stage.  It  is  likely,  however,  that  in  part  they  are  degenerative  in 
character. 

In  this  connection,  attention  may  be  called  to  the  observations 
of  Herz,  who  has  discovered  alterations  in  the  average  size  of  the 
corpuscles  iu  various  diseases  which  he  designates  as  acute  or  chronic 
swelling  and  which  he  looks  upon  as  hydropic  conditions. 

Irregular  red  corpuscles  were  observed  in  the  blood  of  leukaemia 
by  Damon  in  1864  and  were  subsequently  studied  by  Quincke  in  yjer- 
nicious  anaemia  and  were  regarded  by  this  author  as  distinctive  of 
this  disease.  He  applied  the  name  'poiJdlocyte,  while  Ehrlich  has 
more  recently  given  them  the  title  scJdstocyte,  holding  that  the  irreg- 
ularity is  the  result  of  fragmentation.  All  forms  of  irregularity  may 
be  observed.  Very  commonly  small  beak-like  elongations  are  noticed 
at  some  part  of  the  periphery  of  the  corpuscle  or  the  latter  may 
assume  a  club  shape  or  may  present  undulating  irregularity  of  con- 
tour. Occasionally  the  poikilocyte  is  angular  in  formation  and  it 
may  be  quite  fragmental  in  appearance.  The  protoplasm  is  frequently 
very  poor  in  haemoglobin,  which  seems  to  be  present  only  about  the 
periphery  or  in  the  projecting  portions,  while  the  disc  in  general  is 
almost  colorless.  Exceedingly  small  forms,  sometimes  of  rod-like 
shape,  have  been  described  by  Hayem  as  pseudohax^illi.  They  have 
doubtless  often  been  mistaken  for  bacteria  or  monadines,  on  account 
of  their  small  size  and  their  active  movements,  sjjontaneous  or  due  to 
movements  of  the  plasma. 

The  nature  of  these  changes  of  form  constituting  poikilocytosis  is 
as  yet  undecided,  though  it  is  highly  probable  that  they  are  distinctly 
degenerative.  This  view  is  largely  confirmed  by  the  observations  of 
Maragliano  and  Castelliuo,  who  found  that  the  blood  corpuscles 
under  various  conditions  outside  the  body  undergo  degenerative  or 
necrobiotic  changes,  leading  to  the  formation  of  endoglohular  changes, 
as  well  as  to  alterations  of  the  entire  corpuscle,  total  necrosis,  pre- 
senting itself  in  the  form  of  irregularity  in  outline.  This  irregularity 
is  due  according  to  these  observers  to  the  active  amoeboid  movements 
of  the  degenerating  cell.  At  the  same  time  portions  of  the  corpuscle 
may  become   broken   off   and   circulate   as   small   fragmental   cells. 
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Wliile  the  views  of  Maragliano  and  Castellino  are  based  upon  some- 
what crude  experiments,  tliey  undoubtedly  point  in  the  direction  of 
the  truth,  and  nearly  all  authorities  agree  that  poikilocytosis  is  an 
expression  of  advanced  degeneration.  It  was  formerly  held  by  some 
that  the  changes  in  form  are  wholly  artifacts.  This  is  completely 
disproved  by  all  recent  observations,  and  though  it  is  entirelj^  true 
that  post-mortem  changes  in  the  corpuscles  outside  the  body  may 
lead  to  poikilocytic  formations,  there  can  be  no  doubt  that  these 
changes  are  actually  present  in  the  blood  in  severe  an£emias  during 
life.  Poikilocytosis  is  in  no  wise  a  certain  indication  of  progressive 
pernicious  anaemia,  as  Quincke  held,  but  occurs  in  advanced  anaemia 
of  anj^  kind. 

Amoeboid  movements  of  the  red  corpuscles  sometimes  present 
themselves  in  cases  of  severe  anaemia.  These  were  first  seen  by 
Friedreich  in  leukaemia  and  have  subsequently  been  studied  in  jjer- 
nicious  anaemia  and  other  conditions.  They  may  be  slow  and  un- 
dulating or  exceedingly^  active.  The  active  movements  of  the  pseudo- 
bacilli  of  Hay  em  have  been  alluded  to ;  in  part  the  latter  movements 
are  molecular  in  character;  in  part,  however,  they  are  the  result  of 

amoeboid  activity  of  the  corpuscle 
itself.  The  slower  movements  of 
the  large  corpuscles  (normal,  macro- 
cytes,  or  poikilocytes)  are  clearly 
amoeboid,  and  may  cause  a  progres- 
sion of  the  corpuscle  across  the 
field  of  the  microscope.  The  move- 
ments of  the  corpuscles  due  to 
currents  of  plasma  must  not  be  mis- 
taken for  amoeboid  movements. 

Nucleated  red  corpuscles  occur  in 
the  blood  in  the  course  of  anae- 
mic disease  as  in  the  foetal  blood. 
They  may  be  either  small  forms, 
the  size  of  the  normal  red  cor- 
puscle, or  even  much  smaller  {normoblasts  and  mici'oblasts) ,  or 
large  forms  much  greater  in  size  than  the  normal  corpuscle  {me- 
galoblasts).  The  smaller  forms  usually  present  themselves  first 
and  in  the  more  moderate  grades  of  anaemia.  In  the  severe  cases, 
as  in  pernicious  anaemia,  leukaemia,  cancerous  cachexia,  and 
like  conditions,  the  megaloblasts  may  be  conspicuous.  Nucleated 
red  corpuscles  are  seen  with  especial  frequency  in  childhood,  at 
which  period  they  may  occur  in  quite  moderate  anaemias.  The  nuclei 
may  be  simply  rounded  masses  having  a  dense  chromatic  network. 


Fig.  26. 


-Nucleated  Red  Corpuscles,  showing 
Karyokinesis. 
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Imt  sometimes  double  or  triple  forms  {rlocer-latf  huclei)  are  seen 
and  actual  karyokiuetic  figures  (Fig.  26)  are  not  rarely  observed 
(Luzet,  V.  Noordeu,  Troje,  Askanazy) .  Nucleated  corpuscles  are  un- 
doubtedly the  exi)ression  of  active  lia^mogenesis,  the  smaller  forms 
being  particularly'^  significant.  Occasionally  these  appear  in  sejjarate 
crops  {blood  crises,  v.  Noorden)  followed  by  increase  in  the  number 
of  reel  corpuscles  in  the  blood.  The  larger  forms,  according  to 
Ehrlich,  are  expressions  of  imperfectly  conducted  hssmogenesis,  but 
this  view  it  seems  to  me  cannot  be  well  maintained.  On  the  contrary, 
they  would  appear  to  be  the  expression  of  unusual  demands  upon  the 
haemogenetic  function,  in  which  the  large  as  well  as  the  small  forms 
escape  from  the  bone  marrow  before  the  development  of  the  corpus- 
cles has  been  completed.  Sometimes  the  large  nucleated  forms  are 
very  irregular  in  shape  (poikiloblasts). 

Degeneratio)is  of  the  Bed  Coiyuscles. 

In  the  course  of  certain  intense  anaemias,  and  particularly  in  cases 
of  poisoning  by  hsemolytic  agents,  certain  forms  of  red  corpuscles 
appear  in  the  blood  which  are  appropriately  termed  slmdow  corpuscles 
(Ponfick) .  They  are  simply  discs  presenting  the  appearance  of  red 
corpuscles  which  have  almost  or  quite  lost  their  coloring  matter, 
leaving  only  the  stroma  or  colorless  substance,  and  in  which  the 
circumference  of  the  corpuscle  may  alone  be  ^dsible.  The  number  of 
these  is  rarely  great,  although  sometimes  they  are  present  in  quite 
considerable  proportions.  They  may  be  observed  in  the  freshly 
drawn  blood,  but  are  prone  to  develop  after  the  blood  has  been 
removed  from  the  bod}^  and  care  is  therefore  necessary  to  obviate  this 
source  of  error. 

In  other  cases  the  protoplasm  of  the  corpuscle  may  contain  vac- 
uoles or  apparent  fenestrations,  or  again  there  may  be  pigmented 
areas  standing  out  prominently  from  the  remaining  substance.  Such 
alterations  are  rarely  met  with  in  the  blood  of  anaemic  disease,  but 
have  been  frequently  produced  by  the  administration  of  haemolytic 
poisons  and  by  subjecting  the  blood  after  its  removal  from  the  body 
to  conditions  which  occasion  necrotic  changes.  Ehrlich  called  atten- 
tion to  a  form  of  degeneration  which  he  designated  as  hsemoglobinae- 
mic  disintegration,  and  in  which  the  corpuscles  present  in  their  pro- 
toplasm small  globules  having  the  appearance  of  concentrated  droplets 
of  haemoglobin.  Such  changes  have  been  found  in  the  corpuscles  in 
poisoning  by  phenylhydrazin  and  by  other  hsemolytic  substances. 
Other  degenerative  conditions  manifesting  themselves  by  a  granular 
character  of  the  protoplasm  have  been  noted  by  Foa,  and  my  own 
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observations  have  disclosed  the  presence  in  advanced  ansemias,  either 
chlorotic  or  of  other  kinds,  of  corpuscles  containing  sometimes  in- 
definite granular  matter,  at  other  times  definite  round  globules  or 
granules  of  high  refraction  and  distinct  pinkish  color,  which  have 
suggested  the  idea  of  separate  masses  of  haemoglobin.  My  first  im- 
pression on  seeing  these  appearances  was  that  they  were  artifacts, 
but  later  and  careful  examinations  convinced  me  that  they  are  really 
alterations  in  the  structure  of  the  red  corpuscles  occurring  during 
life. 

A  most  important  evidence  of  alteration  of  the  protoplasm  of  the 
red  corpuscles  is  discoverable  in  staining  the  blood.  Gabritchewski 
showed  that  the  living  red  corpuscle  is  entirely  ach'omatophile,  re- 
fusing all  forms  of  stains,  and  I  am  able  to  substantiate  this  so  far 
as  my  attempts  to  produce  intravascular  staining  by  the  administra- 
tion of  methyl  blue  and  other  aniline  dyes  are  concerned.  When  the 
corpuscles  are  rapidly  fixed  by  heat  or  chemical  substances  they 
become  monochromatophile,  so  that  from  the  mixture  of  colors  (such 
as  eosin  and  hsematoxylin)  only  one  of  these  colors  (the  acid  stain) 
is  received.  In  certain  conditions  the  red  corpuscles  are  found  to  be 
polychromatopliile,  so  that  instead  of  receiving  one  color  the  tinge 
received  is  a  mixture  of  the  several  colors  emploj^ed.  After  using 
hsematoxylin  or  methyl  blue  and  eosin  we  observe  that  such  cor- 
puscles present  a  violet  appearance  instead  of  a  normal  pink  or  red. 
Ehrlich  believed  that  this  peculiarity  was  due  to  coagulation  ne- 
crosis of  the  cytoplasm  and  jjointed  to  its  occurrence  in  severe 
anaemias.  Gabritchewski,  Askanazy,  and  Schumann,  however,  found 
this  peculiarity  mainly  in  the  younger  corpuscles  and  often  in  nu- 
cleated corpuscles  showing  signs  of  karyokinesis.  Askanazy  saw  it 
in  nearly  all  of  the  nucleated  corpuscles  from  the  bone  marrow  or 
freshly  resected  ribs,  and  in  the  marrow  of  pernicious  anaemia  in  one 
of  my  cases  the  same  condition  obtained.  It  would  seem,  therefore, 
that  the  vieAV  of  Ehrlich  and  that  of  Maragliano  and  Castellino, 
who  demonstrated  the  frequent  occurrence  of  this  change  in  the 
artificially  degenerated  corpuscles  produced  in  their  experiments, 
ought  not  to  be  too  readily  accepted.  It  is  possible,  however,  that 
the  same  peculiarity  regarding  stains  obtains  in  the  undeveloped 
youthful  corpuscles  and  also  in  the  older  forms  which  have  become 
partly  degenerate;  and  the  view  accepted  by  certain  writers,  and 
first  promulgated  by  F.  P.  Henry,  that  the  alterations  in  the  ap- 
pearance of  the  red  corpuscles  in  various  anaemic  states  represent 
a  retrograde  metamorphosis  to  more  youthful  conditions  or  to  the 
type  of  corf)Uscles  seen  in  the  lower  animals  (reptilian)  is  interesting 
in  this  connection. 
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Isotonicity  of  the  Red  Corpuscles. 

Donders,  aud  subsequently  Hamburger,  v.  Limbeck,  and  others 
have  studied  the  resistance  of  tlie  red  corpuscles  to  various  solutions 
to  determine  their  osmotic  relations.  All  forms  of  cells  have  a  cer- 
tain osmotic  potentiality  (turgw,  de  Vries),  in  consequence  of  which 
they  give  up  their  constituent  elements  when  the  surrounding  lifjuids 
have  certain  relations.  In  the  case  of  blood  it  is  found  that  distilled 
water  causes  a  rapid  removal  of  the  haemoglobin  and  doubtless  other 
constituents  from  the  cori)Uscles.  Within  the  li^'ing  body  this  is 
prevented  by  the  constitution  of  the  plasma,  and  outside  the  body 
saline  solutions  exercise  the  same  preservative  influence.  When 
these  solutions  are  reduced  in  strength  there  is  found  a  point  at 
which  the  osmotic  movements  from  the  corpuscle  begin  to  manifest 
themselves  by  solution  of  the  haemoglobin  in  the  surrounding  liquid. 
The  solution  just  sufficienth"  strong  to  x^revent  this  is  spoken  of  as 
an  isotonic  solution,  and  the  isotonicity  of  the  corpuscle  is  measured  by 
the  strength  of  the  saline  solution.  This  varies  with  different  sub- 
stances according  to  their  molecular  weight.  Solutions  of  greater 
concentration  are  hypertonic ;  those  of  lower  concentration  Itypotonic. 
The  plasma  is  always  hypertonic,  though  the  degree  varies  somewhat 
in  different  cases.  It  is  likely  that  vital  forces  are  concerned  in  these 
phenomena,  as  well  as  the  mere  physical  osmotic  relations.  This 
question,  however,  is  unsettled. 

In  normal  persons  the  isotonicity  of  the  erythrocytes  is  generally 
about  0.46  per  cent.  NaCl — that  is,  a  0.46-per-cent.  solution  of  com- 
mon salt  preserves  the  corpuscles.  In  disease  this  varies  somewhat. 
The  subject  has  been  investigated  quite  elaborately  by  v.  Limbeck, 
but  as  yet  no  definite  results  have  been  obtained.  My  own  experi- 
ments in  this  direction  have  given  very  divergent  results.  In  two 
cases  of  pernicious  anaemia  I  found  the  isotonicity  0.52  and  0.6,  but 
in  other  cases  it  was  normal,  while  in  general  diseases  marked  by 
anaemia  (including  carcinoma,  cirrhosis  of  the  liver,  renal  affections, 
and  tuberculosis)  the  variations  were  trivial.  The  mechanical  ma- 
nijjulations  in  the  examination  exercised  a  decided  influence,  and  con- 
gestion of  the  finger  or  exposure  of  the  finger  to  a  freezing  mixture 
always  caused  diminution  of  the  isotonic  strength  of  the  corpuscles. 

The  Leucocytes. 

The  white  corpuscles  are  rounded  or  spherical  cells  generally 
presenting  a  slightly  granular  appearance  when  examined  in  the 
fresh  blood.     Their  size  varies  from  that  of  a  red  corpuscle  to  several 
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times  the  diameter  of  the  latter.  On  the  addition  of  weak  acetic  acid 
the  protoplasm  is  cleared  and  the  nucleus  (single,  polymorphous,  or 
multiple)  appears  to  A'iew.  The  white  corpuscles  are  identical  with 
the  lymph  corpuscles;    their  function  remains   obscure.     There  is 


Fig.  27. — Normal  and  Path olog-ical  Red  and  White  Corpuscles,     a,  Normal  red  corpuscles  ; 
cleated    red  corpuscles ;    c,   Ijinphocytes ;    d,   large    mononuclear ;    c',    transitional 


t>,  nu- 
forms 


between  c  and  d  ;     e,   transitional  forms 
Forms  ;  g,  eosinophiles  ;  /i,  m.yelocytes. 


e',  transitional  neutrophiles  ;   /,  polymorphous 


little  doubt  but  that  they  bear  important  relations  to  the  processes  of 
metabolism. 

Origin  (see  also  Blood  Formation). — The  source  of  the  white 
corpuscles  is  undoubtedly  the  lymphatic  glands  as  well  as  the  other 
lymphoid  structures,  including  the  bone  marrow,  the  spleen,  and  the 
gastro-intestinal  lymph  follicles.  The  earliest  or  youngest  leucocytes 
are  small  mononuclear  cells  with  comparatively  little  protoplasm. 
Subsequent  changes  occur  in  these  leucocytes  and  give  rise  to  some 
at  least  of  the  other  forms  met  with  in  the  blood.  The  place  or  the 
manner  in  which  these  changes  occur  has  not  as  yet  been  determined. 
It  is  likely,  however,  that  transformations  occur  in  the  spleen,  and 
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notably  in  tho  bono  inurrow,  iuid  it  is  probably  that  tlio  specific  fuuc- 
tioLiiil  activity  of  these  structures  is  important  iu  determining  the 
processes  of  development  in  tlie  circulating  leucocytes. 

Ehrlich  and  his  pui)ils  at  first  maintained,  as  had  Virchow  previ- 
ously, that  certain  large  leucocytes  originated  primarilj'^  in  the  spleen. 
In  the  light  of  recent  investigations,  however,  it  is  likely  that  the 
cells  coming  originally  from  the  spleen,  like  those  of  the  lymphatic 
glands  or  other  lymphoid  structures,  are  small  mononuclear  forms 
(lymphocytes).  In  the  s]ileen  and  in  the  glands  they  originate  with- 
in the  Malpighian  bodies  or  follicles,  the  so-called  germ-centres  of 
Flemming. 

Sfrucfiire  and  Varieties. — The  classifications  which  have  been 
offered  of  the  leucocytes  have  been  very  numerous  and  various,  and 
it  is  impossible  even  at  the  present  day  to  offer  a  scientific  and  in  all 
resi)ects  satisfactory  scheme.  VirchoAV  first  divided  the  white  cells 
into  the  small  mononuclear  forms  which  he  believed  to  originate  from 
the  lymi)hatic  glands,  and  large  mononuclear  forms  supposed  to  be 
derived  from  the  spleen.  Increase  of  the  former  he  designated 
lymphsemia;  of  the  latter,  splensemia. 

Subsequently,  however,  other  classifications  of  a  more  comprehen- 
sive character  have  been  introduced.  That  in  vogue  at  the  present 
time  originated  with  Ehrlich  and  his  pupils,  notably  Einhorn.  Ehr- 
lich classifies  the  leucocytes  in  two  ways:  (1)  according  to  the  size 
and  shape  of  the  cell  and  the  appearance  of  the  nucleus ;  and  (2)  ac- 
cording to  the  granulations  within  the  cells.  The  forms  based  upon 
the  morphological  characters  are  as  follows : 

1.  Small  Mononuclear  Leucociftes  or  Lymphocytes.  — These  are  gener- 
ally smaller  than  the  red  corpuscle  or  about  the  same  size,  are  circu- 
lar in  outline,  and  contain  a  relatively  large  nucleus,  the  protoplasm 
being  scarcely  visible  in  some  cases  or  forming  a  very  thin  band 
surrounding  the  nucleus.  The  latter  is  usually  quite  rich  in  chro- 
matin and  therefore  stains  darkly  with  the  nuclear  stains.  In  certain 
instances  cells  which  must  be  included  among  the  lymphocytes  are 
considerably  greater  iu  size  than  those  commonly  observed,  and  they 
may  be  quite  indistinguishable  from  the  next  form,  the  large  mono- 
nuclear. In  these  cases  a  distinction  may  possibly  be  found  in  the 
greater  intensity  with  which  the  nucleus  stains  in  true  lymphocytes, 
but  this  distinction  is  by  no  means  possible  in  all  cases.  A  sharp 
dividing  line  cannot  be  dra^Ti  between  the  typical  lymphocyte  and 
the  large  mononuclear  forms.  The  gradual  transition  is  seen  in  the 
diagram.  Fig.  27,  c,  c',  d.  Reference  will  be  made  in  the  section  on 
leukaemia  to  the  abundance,  in  some  cases  of  acute  lymphatic  leukae- 
mia, of  cells  of  the  kind  here  alluded  to. 
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The  protoplasm  of  the  lymphocytes  normally  contains  no  granular 
matter  discoverable  b}^  any  of  our  methods.  It  may  be  slightly 
tinged  but  is  apparently  homogeneous. 

In  certain  instances,  however,  small  white  corpuscles,  which  must 
from  their  morphological  characters  be  ranked  as  lymphocytes,  pre- 
sent granulations.  Thus  I  have  seen  them  not  infrequently  filled 
with  neutrophilic  granules  or  oxyphilic  granulations,  and  in  leuksemic 
blood  I  have  found  mastzellen  granulations. 

The  relative  proportions  of  the  difi^erent  forms  of  leucocytes  will 
be  given  below. 

2.  Large  3Iononuclear  Leucocytes. — These  forms  are  considerably 
larger  than  the  lymphocytes,  being  generally  two  or  three  times  the 
diameter  of  the  red  corpuscle.  Frequently  they  are  somewhat  oval 
in  outline.  The  nucleus  is  larger  than  that  of  the  lymphocyte  and 
the  chromatin  is  considerably  less  compact,  so  that  the  nucleus  is  pale 
in  comparison  with  that  of  the  lymphocytes  in  blood  stained  with 
basic  stains.  The  protoplasm  is  generally  free  of  granulations  and 
usually  stains  very  slightly  with  eosin  or  other  stains.  Eosinophilic, 
basophilic,  or  even  neutrophilic  granulations  may  occur,  but  in  the 
great  majority  of  cases  the  protoplasm  is  clear. 

3.  Transitional  Forms. — These  are  practically  indistinguishable 
from  the  large  mononuclear  forms,  excepting  that  the  nucleus  in  the 
transitional  forms  is  indented  and  often  presents  a  distinct  horseshoe 
shape.  The  name  transitional  was  applied  hy  Ehrlich  with  the  idea 
that  these  forms  represent  intermediate  stages  between  the  mono- 
nuclear forms  and  the  polymorphous  leucocytes.  The  early  occur- 
rence of  neutrophile  granulations  in  the  protoplasm  of  the  transitional 
corpuscles  in  certain  conditions  and  their  morphologj^  alone  seem  to 
warrant  this  view.  The  nucleus  is  poor  in  chromatin  as  in  the  mono- 
nuclear forms,  and  the  protoplasm  is  free  of  granules.  Very  rarely 
Einhorn  found  neutrophilic  granulations  in  these  cells  in  the  normal 
blood,  and  others  have  established  the  same  fact.  Eosinophile  granu- 
lations occur  in  a  small  proportion  of  these  cells. 

4.  Polymorphous  Leucocytes  ;  Polynuclear  Leucocytes  ;  NeutropJiiles. 
— These,  which  make  up  the  greatest  part  of  the  leucocytes  of  the 
normal  blood,  are  somewhat  smaller  than  the  large  mononuclear 
elements  and  are  characterized  by  a  polymorphous  nucleus  which  is 
usually  rich  in  chromatin,  and  has  a  decidedly  irregular  shape. 
Most  frequently  it  resembles  the  letter  S;  in  other  cases  the  letters 
U,  V,  Z,  etc.  Complete  fragmentation  sometimes  occurs  and  the  cell 
then  presents  itself  as  a  truly  polynuclear  leucocyte,  but  in  most  in- 
stances the  multiple  character  of  the  nucleus  is  only  apparent,  fine 
strands  of  chromatin  uniting  the  different  portions  but  being  them- 
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selves  obscured.  The  term  polymorphou.s  (EhrlicL)  is  for  these  rea- 
sons more  appropriate  than  the  older  name  polynuclear.  The  nucleus 
is  deeply  stained  with  basic  colors  but  the  intensity  varies  greatly. 
In  some  instances,  particularly  in  leukicniia,  I  have  been  struck  by 
the  fact  that  the  chromatin  of  some  of  the  polj'morphous  nuclei  was 
exceedingly  scanty,  while  others  stained  intensely.  The  i)rotoi)lusm 
almost  invariably  contains  fine  granules,  tilling  up  the  entire  sub- 
stance of  the  cell  and  showing  a  particular  affinity  for  Ehrlich's  neu- 
tral stains.  Occasionally  it  is  impossible  to  demonstrate  granules  of 
any  kind  in  these  cells,  and  in  some  instances  the  granules  show  quite 
as  much  affinity  for  eosin  or  other  acid  stains  as  for  the  neutral 
mixtures.  True  eosinophile  granules,  however,  may  be  found  in 
polynuclear  cells  of  the  same  general  ai)pearance  as  those  in  which 
neutrophile  granulations  are  customarily  met  with. 

The  nature  of  the  polymori)hous  cells  and  their  origin  have  occa- 
sioned much  discussion,  and  they  have  been  variously  regarded  as 
independent  formations  or  as  terminal  stages  in  the  process  of  devel- 
opment or  degeneration  of  the  other  leucocytes.  It  would  seem  from 
recent  investigations  that  they  are  in  all  probability  the  terminal 
forms  in  the  cycle  of  maturation  of  leucocytes,  that  in  a  sense  they 
are  "ripe"  or  "over-ripe"  formations  (Uskow);  and  that  the  final 
transformation  occurs  in  the  bone  marrow  or  in  other  parts  of  the 
lymphatic  apparatus  rather  than  in  the  blood  itself. 

Myelocytes  {Markzellen) . — The  foregoing  are  the  morphological 
forms  of  leucocytes  met  with  in  the  normal  blood.  In  disease  a 
variety  not  as  yet  mentioned  has  been  described  and  has  excited  very 
great  interest.  These  are  the  so-called  myelocytes  or  markzellen. 
These  forms  were  first  recognized  by  Mosler,  but  subsequently  were 
described  by  Cornil  {cellules  medullaires)  and  Kobin  {medullocelles) . 
Ehrlich  attributed  great  significance  to  the  same  forms  in  the  diag- 
nosis of  leukaemia  and  recently  they  have  been  studied  by  H.  F. 
Miiller,  who  has  pointed  out  the  similarity  or  identity  of  the  large 
cells  described  by  different  authors  and  their  relations  with  the  cells 
of  the  marrow.  According  to  Ehrlich  the  myelocjte  is  identical  with 
the  large  mononuclear  cells  in  gross  morphology,  and  differ  only  in 
containing  neutrophilic  granules.  In  these  features  they  are  identi- 
cal with  certain  cells  found  in  the  bone  marrow,  and  Ehrlich's  jiupil 
Uthemann  named  them  definitely  the  myelocytes.  These  cells  are 
large  bodies  from  three  or  four  to  six  or  seven  times  the  diameter 
of  red  corpuscles,  having  an  extremely  pale  nucleus,  sometimes  with 
an  irregular  outline  but  more  usually  rounded  or  oval  and  lying  in 
the  centre  or  often  towards  one  side  of  the  cell.  The  protoplasm  of 
the  myelocyte  usually  contains  granules  staining   with   the  neutral 
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mixtures  of  Ehrlicli,  but  in  certain  cases  tliey  are  oxyphilic  or 
eosinophilic.  It  is  the  myelocytes  in  particular,  among  all  of  the 
leucocytes,  that  are  devoid  of  amoeboid  movement.  The  description 
by  Ehrlich  was  less  distinctive.  According  to  this  author,  as  has 
been  stated,  the  myelocytes  are  indistinguishable  from  the  large 
mononuclear  or  transitional  forms,  excepting  for  the  presence  of  the 
neutrophilic  granules.  In  some  instances  undoubtedly  Ehrlich's 
description  applies,  but  the  typical  myelocyte  differs  from  the  large 
mononuclear  or  transitional  form  in  the  much  greater  size  of  the 
corpuscle  and  in  the  unusual  pallor  of  the  nucleus.  Undoubtedly 
these  leucocytes  may  be  distinguished  by  their  morphology  alone  in 
many  instances,  but  the  smaller  forms  approach  so  nearly  the  ordi- 
nary mononuclear  elements  that  differential  stains  are  necessary  to 
distinguish  the  nature  of  the  individual  corpuscles,  and  even  after 
this  test  doabt  may  exist  as  to  the  proper  classification. 

Undoubtedly  the  myelocytes  or  markzellen  originate  in  the  bone 
marrow  and  are  identical  with  the  cells  found  in  that  situation.  It 
does  not  seem  proper,  however,  to  distinguish  them  entirely  from  the 
ordinary  leucocytes;  but  it  would  appear  rather  that  they  represent 
a  certain  stage  in  the  cycle  of  development  of  the  leucocytes  which  is 
ordinarily  conducted  within  the  bone  marrow,  and  that  exceptionally 
they  escape  into  the  circulating  blood  when  the  conditions  of  the 
marrow  lead  to  their  extrusion  in  an  unfinished  stage. 

The  Granulations  of  the  Leucocytes. 

The  granulations  of  the  blood  were  first  studied  by  Ehrlich  in  a 
thoroughly  scientific  manner,  the  method  of  "  color-analysis"  intro- 
duced by  this  author  furnishing  the  means  by  which  his  discoveries 
were  made.  Previous  writers  had  called  attention  to  the  occurrence  of 
granulations,  either  fine  or  coarse,  but  little  significance  was  attached 
to  these.  Ehrlich  was  able  to  distinguish  in  all  seven  forms  of 
granules  in  the  leucocytes,  five  of  these  occurring  in  human  blood. 
The  classification  of  these  granulations  is  based  upon  certain  pecu- 
liarities of  the  stains  employed.  Ehrlich  distinguishes  acid  and  basic 
stains,  the  former  being  such  as  contain  the  staining  element  in  the 
acidulous  part  of  the  compound,  the  latter  those  in  which  the  base 
forms  the  stain.  For  examxjle,  the  picrate  of  ammonium  represents 
a  typical  acid  stain  in  that  the  picric  acid  of  the  salt  is  the  active 
coloring  agent.  Certain  mixtures  of  the  acid  and  basic  stains  may 
be  made  in  such  manner  that  a  neutral  stain  results.  The  five 
varieties  of  granules  have  been  distinguished  by  using  the  Greek 
letters  a  to  f. 
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a-Graiiulatioiiti,  eosinophilic  (jranulcs,  oxijphUic  (jruiKilcs.  These 
occur  iu  the  body  of  the  white  corpuscles  as  very  coarse  granular 
bodies  presenting  in  the  unstained  blood  somewhat  the  ajjpearance 
of  minute  fat  droplets  for  which  they  were  formerly  mistaken.  They 
are  highly  refractive  and  when  small  may  apjjear  as  black  points. 
The  nature  of  these  bodies  was  principally  determined  by  Ehrlich, 
and  he  definitely  disjiroved  the  older  view  that  they  were  fatty  in 
nature.  Certain  authors  who  have  succeeded  in  staining  them  black 
with  osmic  acid  still  assert  that  they  are  ia,tty  bodies,  but,  as 
Wertheim  and  Miilier  maintain,  this  test  is  insufficient;  and  the 
elaborate  investigations  of  Ehrlich,  in  which  the  granules  in  question 
were  found  to  be  unaifected  by  x)i'olonged  exposure  to  ether  and  other 
reagents,  are  definite  and  conclusive.  Notwithstanding  Ehrlich's 
view  that  thej^  are  non-albuminous,  Weiss,  Posner,  Kossel,  and  others 
have  shoA\Ti  that  they  are  albuminous  bodies,  while  the  studies 
of  Barker  and  Przewoski  make  it  seem  likely  that  they  contain 
iron. 

The  oxj'philic  granules  distinguish  themselves  by  their  peculiar 
affinitj'  for  acid  stains  and  in  jjarticular  for  eosin  (therefore  the  name 
eosinophiles) .  They  vary  in  coarseness  and  in  amount  in  different 
cases.  In  some  instances  I  have  found  eosinophile  granules  in  a 
considerable  proportion  of  the  leucocytes  of  the  blood,  but  so  few  in 
number  in  each  cell  that  many  of  the  leucocytes  contained  only  a  few 
granules.  As  a  rule  the  cell  is  densely  packed  with  them.  They 
occur  for  the  most  part  in  large  cells  having  polymorphous  nuclei, 
resembling  those  of  the  ordinary  neutrophilic  leucocyte,  though  as  a 
rule  the  nucleus  is  less  rich  in  chromatin.  Less  frequently  they 
occur  in  lymphocytes,  in  the  ordinary  mononuclear  forms,  or  in  the 
myelocytes.  The  number  of  cells  presenting  eosinophile  granules 
varies  considerably  in  health.  They  are  usually  more  abundant  in 
the  new-born  than  in  adults.  In  the  latter  they  vary  from  0.67  to 
11  per  cent.  (Zappert),  but  as  a  rule  not  above  two  to  four  per 
cent,  of  the  entire  number  of  leucocytes  present  this  character. 
Ehrlich  held  that  the  increase  of  eosinophile  cells  is  an  indication  of 
a  chronic  disturbance  of  hsemogenesis,  and  particularly  of  implica- 
tion of  the  bone  marrow  as  in  myelogenic  leukaemia.  This  view  has 
been  abandoned.  The  eosinophile  granulations  may  be  less  abun- 
dant in  leukaemia  than  in  the  normal  blood ;  and  a  decided  increase 
is  frequently  observed  in  asthma  and  emphysema,  in  certain  skin 
diseases,  and  occasionally  in  a  great"  variety  of  affections.  Such  an 
increase  of  oxyphilic  cells  (sometimes  termed  eosinopJiilia)  has,  how- 
ever, no  definite  significance ;  and  the  attempt  of  Neusser  to  connect 
this  condition  with  disturbance  of  the  sympathetic  nervous  system  is 
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fanciful.  A  great  decrease  in  tlie  eosinopliilic  corpuscles  is  observed 
in  croupous  pneumonia  and  in  certain  cases  of  tuberculosis. 

Tlie  origin  of  these  granules  is  still  exceedingly  doubtful,  and 
Ehrlich's  view,  based  upon  tlieir  abundance  in  the  bone  marrow,  that 
they  originate  entirelj^  in  the  bone  marrow,  is  no  longer  entertained. 
It  is  likely  that  they  may  have  a  local  origin  in  various  parts  of  the 
body  and  in  particular  in  the  skin,  as  the  abundant  occurrence  of 
these  cells  in  certain  skin  diseases,  locally  and  in  the  blood,  and  their 
frequency  in  some  instances  of  suppurative  inflammation  would  in- 
dicate. As  to  their  nature,  but  little  has  been  determined.  The 
theory  deserves  consideration  that  they  are  albuminous  precii3itate3 
resulting  from  the  absorption  of  water  by  the  protoplasm  of  the  cell. 
It  is  unlikely  that  they  are  specific  products  of  the  cell  itself  {Product 
einer  specifisch-secretorisclien  TMtigkeit,  Ehrlich).  It  is  likely  on  the 
other  hand  that  they  are  evidence  of  the  ripening  of  the  leucocyte,  or 
represent  a  phase  in  the  cycle  of  maturation. 

f:i- Granulations  are  fine  granules  which  stain  with  acid  and  also 
with  basic  stains.  The  term  amphopliilic  granules  is  therefore  applic- 
able. They  have  been  found  particularly  in  the  bone  marrow  but 
have  no  special  significance. 

y- Granulations,  Mastzellen-granulationen,  are  intensely  basophilic 
and  rather  coarse  granules,  occurring  for  the  most  part  in  mononu- 
clear cells  which  are  often  densely  filled  with  the  gramdes  in  question. 
Canon  found  these  in  the  normal  blood  in  a  considerable  proportion 
of  cases  in  children,  but  most  investigators  have  found  them  only  in 
leukgemia.  They  are  probably  closely  related  to  or  identical  with 
the  plasma  cells  of  Waldeyer. 

6-Granulations  are  fine  basophilic  granules  occurring  in  large  mo- 
nonuclear cells.  Usually  they  are  faintly  stained  and  exceedingly 
fine.  I  have  seen  them  in  the  blood  of  normal  x^ersons  in  very  small 
numbers.     No  special  significance  can  be  attributed  to  these  forms. 

£- Granulations  or  neutrophilic  granules.  These  are  the  most  impor- 
tant and  abundant  of  all  of  the  granules.  They  occur  as  fine  points 
filling  up  the  entire  protoplasm  of  the  polymorphous  cells,  in  which 
they  occur  in  normal  blood,  giving  to  these  cells  in  the  unstained 
specimen  a  slight  opacity  or  granular  character.  In  the  stained 
blood  they  receive  the  neutral  mixtures  of  Ehrlich  with  special 
affinity.  Occasionally,  however,  I  have  found  them  decidedly 
oxyphilic,  receiving  eosin  and  acid  fuchsin  very  readily.  Some- 
times the  cell  may  contain  relatively  few  neutrophilic  granules,  though 
the  rule  is,  as  stated,  that  the  cell  is  densely  filled  with  them.  In 
normal  blood  the  neutrophilic  granules  occur  almost  exclusively,  or 
exclusively  in  the  polymorphous  leucocytes,  but  in  pathological  con- 
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ditions  they  may  be  found  in  the  large  mononuclear  cells  or  myelocytes 
and  sometimes  in  small  cells  which  from  their  morphology  must  be 
classed  as  lymphocytes. 

The  number  of  cells  presenting  neutrophilic  granulations  varies 
somewhat  in  health  and  very  widely  in  disease.  They  constitute 
about  60  to  75  per  cent,  of  the  leucocytes  of  the  normal  blood ;  but 
in  certain  cases  of  inflammatory  leucocytosis  fully  90  or  95  per  cent, 
may  be  of  this  type.  In  one  of  my  cases  the  proportion  was  98.5 
per  cent.  The  cells  of  exudative  inflammations  and  of  i)us  are 
usually  all  poh'morphous  and  neutrophilic ;  exceptionalh'  oxyphilic  or 
eosinophilic  granules  are  abundant.  This  has  been  noted  in  certain 
skin  diseases  and  in  gonorrhoeal  pus,  as  well  as  in  the  leucocytes  of 
the  sputum  in  asthma  and  those  in  the  fneces  in  certain  diarrhoeas. 
The  increase  of  neutrophilic  cells  in  leuksemia^is  always  striking. 
In  this  case  a  great  proportion  of  the  cells,  no  malfconio  which  mor- 
phological group  they  belong,  may  present  neutrophilic  granules,  this 
fact  distinguishing  the  blood  from  that  of  inflammatory  leucocytosis 
in  which  only  the  polymorphous  neutrophilic  cells  occur. 

The  Nature  of  the  Granulations. — These  peculiar  bodies  within  the 
protoplasm  of  the  leucocytes  were  well  known  to  the  older  writers,  who 
sometimes  spoke  of  the  fine  granules  and  coarse  granulations.  Little 
attention,  however,  was  given  to  them  until  Ehrlich  had  introduced 
his  method  of  coloring  based  upon  the  reaction  of  the  different 
granules  to  definite  mixtures  of  aniline  or  other  coloring  agents. 

The  nature  of  the  granules,  however,  still  remains  obscure  despite 
the  abundant  observations  of  a  great  number  of  investigators.  Ehr- 
lich was  inclined  to  look  upon  them  as  definite  products  of  the  proto- 
plasmic activity  of  the  leucocytes  and  therefore  gave  them  the  title 
specific  granules.  Subsequent  authors,  however,  have  inclined  to  view 
them  as  evidences  either  of  degenerative  changes  or  of  progressive 
changes  leading  to  a  "ripe"  or  "over-ripe"  condition.  In  this  con- 
nection the  eosinophile  granules,  being  the  largest  and  most  con- 
spicuous, have  been  particularly  interesting.  A  point  which  seemed 
to  favor  the  view  of  Ehrlich  that  they  are  evidences  of  a  specific 
secretory  power  [specifiscJi-secretorische  TMtigkeif)  was  his  observa- 
tion that  one  form  only  occurs  in  a  given  cell.  This  observation, 
however,  has  not  been  confirmed  by  all  observers,  and  Arnold  in 
particular  has  found  certain  cells  in  the  bone  marrow  which  presented 
more  than  one  form  of  granulations. 

They  undoubtedly  represent  a  phase  in  the  development  of  the 
leucocytes,  as  the  occurrence  of  neutrophile  granules  in  a  large  pro- 
portion of  all  of  the  leucocytes  of  the  normal  blood,  and  of  eosinophile 
granulations  in  a  smaller  proportion  would  indicate.  Moreover,  their 
Vol.  YII.— 17 
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presence  in  tlie  cells  in  which,  the  most  decided  functional  activity 
(amoeboid  movement,  migration)  is  known  to  occur,  justifies  the  be- 
lief that  they  are  in  some  manner  related  with  the  functional  activity 
of  the  white  corpuscles.  Whether  this  is  dependent  upon  a  secretory 
function  or  whether  it  is  in  some  way  the  result  of  metabolic  inter- 
change between  the  leucocyte  and  its  surrroundings  is  a  matter  upon 
which  no  dogmatism  is  justified.  It  seems  certain  that  the  granula- 
tions are  in  no  sense  evidence  of  degeneration,  as  in  the  first  place 
their  abundance  in  the  blood  and  in  the  second  place  the  absence  of 
evidence  of  nuclear  degeneration  in  these  cells  would  indicate.  The 
view,  recently  expressed,  that  they  are  in  a  manner  related  with  the 
absorption  of  liquid  from  the  surrounding  media  is  attractive,  but 
rests  entirely  upon  speculation.  There  seems  to  be  undoubtedly  a 
close  relation  of  the  different  forms  of  granules,  since  a  number  of  ob- 
servers have  found  that  they  occasionally  react  as  well  to  acid  as  to 
neutral  stains.  I  am  able  to  confirm  this  from  my  own  observations, 
and  indeed  have  found  that  basic  stains  may  answer  in  certain  cases 
for  neutral  or  even  acid  granulations.  It  must  be  remembered  that 
the  distinctions  established  by  Ehrlich  rested  upon  the  special  affinity 
for  certain  stains  rather  than  upon  an  exclusive  and  narrow  affinity ; 
but  even  in  this  case,  or  perhaps  because  of  this  fact,  it  may  be  held 
that  the  granules  are  only  slight  variations  of  a  common  substance 
and  that  they  may  all  be  expressions  in  greater  or  less  intensity  of  a 
similar  process.  The  exact  chemical  composition  of  the  granules  has 
not  as  yet  been  determined  accurately.  They  are  undoubtedly  albu- 
minous in  nature,  as  Weiss  and  others  have  shown,  and  in  all  prob- 
ability the  eosinophilic  contain  a  certain  proportion  of  iron. 

The  Proportions  of  the  Several  Forms. 

The  relative  proportions  of  the  different  forms  of  leucocytes  have 
been  estimated  in  health  and  in  a  great  variety  of  diseases  and  often 
furnish  important  indications  of  the  nature  of  disease  processes. 
Einhorn,  working  under  Ehrlich's  direction,  found  the  lymphocytes 
to  constitute  25  per  cent,  of  the  total  number  of  leucocytes,  the  poly- 
morphous cells  65  to  70  per  cent.,  and  the  transitional  and  eosino- 
phil forms  together  5  to  10  per  cent.  These  figures  correspond  quite 
well  with  those  obtained  by  other  investigators.  The  large  mononu- 
clear and  transitional  forms  taken  by  themselves  usually  constitute 
from  3  or  4  to  5  or  6  per  cent.,  and  the  eosinophile  corpuscles  on  an 
average  not  above  3  to  5  per  cent. ,  although  Zappert  in  his  investiga- 
tions found  as  many  as  11  per  cent,  in  healthy  persons. 

The  proportions  vary  considerably  in  disease  and  also  in  the  same 
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person  at  different  times.  In  cliilclliood  or  infancy'  the  younger  forms 
or  lymphocytes  are  relatively  much  more  abundant  than  the  older  or 
Ijolymorphous  forms.  The  percentages  vary  from  50  to  06  for  the 
lymphocytes  and  28  to  40  for  the  polymorphous  variety  (Rieder  and 
Gundobin).  The  large  mononuclear  forms  like  the  lymphocytes  are 
rather  more  abundant  in  early  life  and  the  eosinophile  cells  may  be 
quite  numerous.  These  conditions  remain,  according  to  Gundobin, 
until  about  the  third  year,  when  the  proportions  become  those  char- 
acteristic of  adult  life. 

Weiss  has  pointed  out  that  it  is  deceptive  to  state  the  percentage 
proportions  of  the  different  forms,  since  the  increase  of  one  form  in 
particular  would  cause  a  relative  decrease  of  another  variety,  though 
the  latter  might  be  present  in  its  normal  proportions.  It  would, 
therefore,  be  ad\dsable  in  all  cases  to  state  the  exact  numbers  per 
cubic  millimetre  of  each  of  the  forms  rather  than  the  relative  number. 
In  this  way  the  separate  increase  of  one  or  another  form  would  be 
indicated  rather  than  an  apparent  decrease  of  all  of  the  forms  with 
relative  increase  of  one. 

The  myelocytes  have  occasionally  been  found  in  the  blood  of  ap- 
parently normal  persons ;  but  this  is  very  exceptional.  They  are  met 
with  in  a  variety  of  diseases,  however,  and  have  lost  some  of  their 
importance  as  an  indication  of  leukaemia  (see  section  on  Leuksemia) . 

KaryoJcinesis. 

Karyokinetic  changes  were  first  observed  in  the  leucocytes  of  the 
circulating  blood  by  Flemming.  Since  his  publication  they  have  been 
demonsti'ated  by  a  number  of  authors.  The  subject,  however,  will 
be  more  fully  considered  in  the  article  on  leukaemia. 

Amoeboid  Movements. 

One  of  the  most  conspicuous  and  doubtless  important  peculiarities 
of  the  leucocytes  is  their  amoeboid  activity.  Attention  was  first 
called  to  this  by  Dutrochet  in  1824  and  by  Wharton  Jones  in  1846. 
Subsequently  the  capability  for  active  movements  of  the  leucocytes 
figured  largely  iu  Cohnheim's  teaching  of  the  pathology  of  inflamma- 
tion, and  very  recently  the  theory  of  phagocytosis  of  Metchnikoff 
has  been  largely  based  upon  the  amoeboid  activities  of  the  leucocytes. 
All  forms  of  the  leucocytes  do  not  possess  this  power.  It  is  particu- 
larly characteristic  of  the  polymorphous  elements,  while  the  lympho- 
cytes may  show  almost  no  activity  or  may  be  entirely  quiescent  and 
the  large  mononuclear  cells  and  the  myelocytes  are  usually  completely 
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void  of  movement.  In  leukaimia,  in  wliicli  the  mononuclear  elements 
are  particularly  abundant,  the  absence  of  amoeboid  movements  is 
always  striking,  and  certain  authors  were  disposed  to  attribute  this  to 
degenerative  changes  and  to  look  upon  leukaemia  as  a  disease  depen- 
dent upon  degenerate  conditions  in  the  leucocytes  themselves.  This 
was  the  view  of  Biesiadecki,  who  first  noted  the  absence  of  amoeboid 
movements  in  leukaemia,  and  later  of  Cavafy  and  others.  At  the 
present  time,  however,  it  is  recognized  that  the  sluggishness  of  the 
leucocytes  in  leukaemia  is  without  significance,  since  the  same  forms 
of  cells  in  the  normal  blood  are  equally  devoid  of  movements.  In 
the  processes  of  chemctaxis  and  inflammation  in  which  the  active 
amoeboid  movements  of  the  leucocytes  are  concerned  it  is  always  the 
polymorphous  elements  which  are  attracted,  and  in  the  diapedesis 
through  the  walls  of  the  vessels  it  is  the  same  forms  that  escape  from 
the  vascular  channels. 

Chemical  Characters. 

The  chemistry  of  the  leucocytes  has  been  somewhat  difficult  to 
determine  since  the  quantity  obtainable  from  the  blood  is  insufficient 
for  analysis.  The  studies  thus  far  recorded  have  therefore  been 
based  almost  whoUy  upon  analyses  of  pus  cells  or  of  the  lymph  cells 
of  lymphoid  tissues  like  the  thymus  gland.  Certain  investigations 
have  been  made  in  cases  of  leukaemia,  but  the  results  as  a  rule  are 
unreliable.  Among  the  organic  constituents  of  the  leucocytes  a  com- 
pound known  as  nucleohiston  and  lecithin  are  the  more  important, 
while  an  analysis  of  the  ash  shows  a  high  proportion  of  phosphoric 
acid  or  phosphates,  these  no  doubt  dependent  upon  the  considerable 
percentage  of  nuclein  contained  in  the  nuclei  of  the  corpuscles.  The 
recent  chemical  studies  of  Lilienfeld,  Kossel,  and  others  have  shown 
the  principal  organic  substances  of  the  pus  and  lymph  cells  to  be  the 
albuminous  bodies  leuconuclein  and  histon,  lecithin  and  cholesterin. 
These  are  designated  as  the  primary  bodies  of  the  leucocytes  in  con- 
tradistinction to  such  as  occur  occasionally  and  only  in  certain  cells 
which  they  designate  as  secondary  bodies.  Among  the  latter  are 
glycogen,  protagon,  and  fats.  The  dry  residue  of  the  leucocytes  was 
found  on  the  average  to  be  11.49  per  cent,  by  Lilienfeld.  Of  this 
residue  the  important  constituent  was  the  leuconuclein.  The  latter 
is  a  combination  of  the  phosphorus-containing  nucleinic  acid  with 
albumin,  making  by  their  conjunction  a  form  of  nucleoalbumin,  called 
leuconuclein.  It  occurs  according  to  Kossel  in  the  nuclei  of  the  nu- 
cleated red  corpuscles  as  also  in  the  lymph  cells  in  combination  with 
another  albuminous  body,  resembling  the  albumoses  (histon),  the  com- 


THE  LEUCOCYTES.  261 

pound  being  the  so-called  iiucleohiston.  Studies  made  by  the  method 
of  color  analysis  show  that  the  leuconuclein  is  oxyphilic  in  reac- 
tion, while  the  histon  is  basophilic. 

Degenerations  of  the  White  Corpuscles. 

No  very  definite  facts  have  been  learned  regarding  the  degenera- 
tion of  leucocytes.  Attention  has  already  been  called  to  the  view 
tertained  by  Biesiadecki  and  others  that  the  apparent  want  of 
amoeboid  movements  in  the  leucoc3'tes  in  leukeemia  is  an  e\'idence  of 
degeneration.  This  view  cannot  now  be  maintained.  Others  have 
looked  upon  the  granulations  of  Ehrlich  or  some  of  them  as  degener- 
ative in  nature,  but  such  a  view  lacks  confirmation.  Practically 
nothing  is  positively  known  regarding  the  significance  of  these 
granules. 

Kecently  attention  has  been  fixed  upon  the  nuclei  of  the  white 
corpuscles,  and  various  conditions  have  been  noticed  which  certainly 
warrant  the  belief  that  processes  of  disintegration  or  degeneration 
may  be  represented  by  these. 

Neusser  has  called  attention  to  certain  granular  formations  found 
in  the  protoplasm  of  the  leucocytes  surrounding  the  nucleus.  These 
occur  with  especial  frequency  in  the  mononuclear  leucocytes  and  are 
distinguished  by  their  affinity  for  the  basic  element  (the  methyl  green) 
in  Ehrlich's  triacid  mixture.  Such  formations  were  found  in  cases 
of  gout  and  also  in  other  conditions,  such  as  tuberculosis,  leukaemia, 
and  diabetes,  in  which  a  lithsemic  condition  in  its  widest  sense  may 
be  assumed  to  exist.  Xeusser  believes  the  granules  to  be  substances 
allied  to  nucleoalbumin  and  regards  their  appearance  as  significant 
of  degeneration  or  disintegration  of  the  nuclei  leading  to  uric-acid 
formation.  The  nature  of  these  granules  is  by  no  means  as  easily 
explained  as  Neusser  believes,  but  is  as  yet  undetermined.  They 
have  been  found  in  white  blood  cells  under  conditions  in  which  no 
degenerations  could  be  assumed  to  exist. 

Reference  is  made  in  the  pathology  of  leukaemia  to  the  occurrence 
of  leucocytes,  in  which  the  chromatin  network  of  the  nuclei  is  exces- 
sively scanty  and  irregular.  The  outline  of  the  nuclei  may  be 
shadowy  or  broken  and  light  areas  or  even  vacuolation  may  be  seen. 
These  conditions  strongly  suggest  degenerative  changes,  as  Gum- 
precht  has  maintained,  but  their  significance  must  be  further  investi- 
gated. 

Undoubtedly  degeneration  or  destruction  of  the  leucocytes,  and 
in  particular  of  their  nuclei,  occurs  in  some  part  of  the  circulation  or 
in  the  tissues.     Eecent  studies  show  conclusively  that  the  xanthin 


262  STENGEL— DISEASES  OP  THE  BLOOD. 

bases  and  uric  acid  are  derived  from  such  destruction,  but  whether 
the  granulations  of  Neusser  or  the  nuclear  irregularity  of  Gumprecht 
and  others  may  be  taken  to  be  demonstrable  evidences  of  such  proc- 
esses, remains  to  be  proved. 

Salomon,  Gabritchewsky,  Lieveriata,  and  others  have  demon- 
strated the  presence  of  glycogen  or  allied  substances  in  the  leucocytes 
by  staining  with  iodine.  Whether  this  is  normal  or  degenerative  is 
doubtful. 

In  examinations  of  the  fresh  blood  or  of  specimens  fixed  upon 
cover  glasses  after  Ehrlich's  method,  it  frequently  happens  that 
"broken  cells"  are  observed.  These  are  leucocytes  which  have  be- 
come fractured  so  that  the  protoplasm,  the  granules,  and  even  the 
nucleus  may  be  fragmented  and  somewhat  spread  out.  The  exact 
significance  of  these  conditions  is  not  determined,  but  it  is  evident 
that  the  leucocytes  in  question  have  in  some  way  lost  their  cohe- 
siveness.  The  eosinophile  leucocytes  show  this  phenomenon  most 
strikingly. 

The  Blood  Plaques. 

The  blood  plaques,  first  recognized  by  Max  Schulze,  KoUiker, 
Riess,  Banvier,  and  Hay  em,  were  studied  with  particular  care  by  Biz- 
zozero  in  1882.  The  same  year  Osier  published  interesting  observa- 
tions on  the  same  subject. 

Structure. — They  appear  as  circular  discs  somewhat  resembling 
the  red  corpuscle,  though  much  smaller,  paler,  and  without  the  char- 
acteristic biconcavity  of  the  erythrocyte.  The  size  varies  somewhat 
but  is  rarely  above  3  }.i  and  often  considerably  less.  The  placques 
are  specially  characterized  by  a  certain  viscidity,  which  causes  them 
to  adhere  to  the  leucocytes  or  red  corpuscles  or  more  frequently  to  be- 
come agglutinated  in  small  clusters.  Their  color  is  very  faint  and 
of  a  somewhat  yellowish  hue.  The  protoplasm  is  entirely  clear  and 
homogeneous  or  at  times  somewhat  granular. 

Number.- — ^The  number  of  blood  plaques  is  difficult  to  determine 
on  account  of  their  extreme  liability  to  disintegration.  It  has  been 
variously  estimated  at  180,000  to  250,000  (Fusari),  200,000  to  300,000 
( Afanassiew) ,  and  500,000  (Pruss). 

They  are  readily  stained  with  aniline  dyes  and  are  amphophilic 
in  color  affinity,  taking  up  either  acid  or  basic  stains.  Methyl  blue 
or  violet  stains  them  quite  well. 

Nature. — The  nature  and  origin  of  these  bodies  have  occasioned 
much  difference  of  opinion  and  are  still  undetermined.  Bizzozero  first 
described  them  as  a  third  corpuscular  element,  while  Hayem,  noting 
their  abundance  in  certain  anaemic  diseases  during  the  stage  of  regen- 


THE   BLOOD   PLAQUES.  263 

eration,  tliought  them  important  in  the  development  of  red  corpuscles 
and  ajiplied  the  term  Juematohlasts,  by  which  French  writers  still 
designate  them.  Lowit  held  that  the  blood  plaques  do  not  occur  in 
the  living  blood  and  that  they  are  artifacts  resulting  from  precipita- 
tion of  globulin  from  the  plasma  or  from  degeneration  of  the  leu- 
coc3'tes.  Very  recenth'  Lilienfeld  has  taken  much  the  same  view, 
holding  that  the  plaques  are  derivatives  of  the  nuclei  of  leucocytes. 
He  does  not,  however,  agree  with  Lowit  regarding  the  chemical 
nature  of  the  plaque.  His  own  experiments  would  seem  to  indicate 
a  resemblance  in  composition  of  the  blood  plaques  and  the  nuclei  of 
the  leucocj'tes,  both  containing  a  combination  of  albumin  and 
nuclein.  Notwithstanding  these  views  it  is  most  likely  that  the 
plaques  occur  as  formed  elements  of  normal  blood.  Indeed  Laker 
and  Bizzozero  claim  to  have  seen  them  in  the  circulating  blood  of  cer- 
tain lower  animals  during  life. 

Functions. — But  little  is  known  regarding  the  functions  of  these 
bodies.  They  play  an  important  role  in  the  process  of  thrombosis, 
particularh-  in  the  formation  of  white  thrombi;  but  beyond  this 
nothing  can  be  said  of  them.  They  are  increased  in  numbers  in 
certain  non-febrile  anaemic  conditions,  especially  during  the  period 
of  regeneration  of  the  blood;  also  after  hemorrhages,  in  luksemia, 
and  occasionally  in  other  conditions.  They  are  reduced  in  number 
in  febrile  affections. 

FoEEICtN   IVIiTTEES  IN  THE   BlOOD. 

Various  particulate  elements  may  occur  in  the  blood  under  patho- 
logical conditions,  and  may  have  great  clinical  or  pathological  sig- 
nificance. Pigment  matter  has  long  been  known  to  occur  in  malaria 
and  other  conditions  in  which  destruction  of  the  red  corpuscles  is 
taking  place.  The  pigment  may  be  entirely  the  result  of  degenera- 
tion of  the  erythrocytes  or  may  arise  in  other  ways.  The  condition 
of  the  blood  is  termed  melancemia  (see  below).  FoAty  matter  is  in- 
variably a  constituent  of  the  blood  and  may  occur  in  the  form  of 
droplets  floating  in  the  plasma  during  the  time  when  the  digestive 
processes  are  active  or  at  other  times.  Pathologically  the  increase 
of  fat  may  be  so  great  as  to  give  the  blood  a  somewhat  milky  or 
opalescent  character.  Larger  masses  of  fat  at  times  occur  as  fat 
emboli.  These  are  portions  of  various  adipose  tissues  which  have 
become  freed  by  traumatism  or  disease.  Thus  in  fractures  in  which 
the  marrow  has  been  shattered  such  emboli  are  often  formed  and 
may  lodge  in  the  pulmonary  capillaries,  causing  serious  disturbances 
or  even   rapid  death    (see    also    Lipsemia).     Portions   of   tissue  of 
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other  kinds  may  similarly  escape  into  tlie  circulation.  This  is  ex- 
ceedingly common  in  cases  of  endocarditis  when  fragments  of  the 
valves  may  be  broken  off ;  in  the  case  of  tumors  (sarcoma,  carcinoma, 
lipoma,  etc.) ;  and  in  eclampsia  when  placental  cells  may  enter  the 
circulating  blood  and  lodge  in  the  liver  or  lungs.  Crystalline 
structures  are  exceedingly  uncommon.  In  leukaemia  the  so-called 
Charcot-Neumann  crystals  have  frequently  been  found  in  the  blood 
post  mortem  and  in  a  few  instances  (Westphal,  Ord  and  Copeman) 
during  life.  More  commonly  these  crystals  do  not  exist  in  the  cir- 
culating blood,  but  are  formed  after  this  has  been  removed  from  the 
body  and  has  been  suffered  to  undergo  change  under  the  cover  glass 
of  preparations  for  the  microscope  or  otherwise.  These  crystals  are 
sufficiently  described  in  the  section  on  leukaemia.  The  occurrence  of 
similar  formations  in  the  sputa  in  asthma,  in  the  seminal  fluid,  and 
in  the  intestinal  fluids  is  of  interest,  but  no  explanation  of  their 
nature  or  significance  can  as  yet  be  offered. 

Micro-organisms  are  transported  by  the  blood  in  a  variety  of 
diseases,  while  other  forms  flourish  and  multiply  in  the  circula- 
tion. Among  the  latter  the  malarial  parasites  or  plasynodia  are  of 
the  first  importance.  These  are  animal  organisms  of  the  group  of 
protozoa  and  probably  complete  but  a  part  of  their  life  cycle  in 
the  human  blood.  The  red  corpuscle  is  the  primary  seat  of  their 
growth  and  development.  Other  protozoa,  notably  monadines,  have 
been  described  by  Klebs,  Frankenhauser,  and  others  in  leukaemia, 
pernicious  anaemia,  and  other  diseases,  but  these  observations  have 
not  been  confirmed.  Doubtless  in  many  of  these  cases  Hayem's 
pseudobacilli  (small  or  fragmental  red  corpuscles)  have  been  mis- 
taken for  micro-organisms.  Among  the  higher  animal  forms  the  Fi- 
laria  sanguinis  liominis  and  the  Distoma  hcematobium  are  important. 
The  former  does  not  occur  in  the  blood  in  its  adult  form,  being 
found  then  in  the  lymphatic  channels;  but  the  embryos  are  abundant 
in  the  blood  of  certain  cases  of  parasitic  elephantiasis,  and  haemato- 
chyluria.  These  embryos  are  small  thread-like  organisms  about 
0.0075  mm.  in  breadth  (about  the  diameter  of  a  red  corpuscle)  and 
0.34  mm.  in  length.  They  are  ensheathed  by  a  delicate  transparent 
capsule  which  is  seen  at  each  end  as  a  closed  sac.  In  most  cases  the 
embryos  are  found  in  the  blood  only  at  night  (Filaria  nocturna)  ;  oc- 
casionally they  occur  during  the  day  (F.  diurna)  or  constantly  (F. 
perstans). 

The  Distoma  hcematobium,  Bilharz,  is  found  in  the  main  trunk  and 
branches  of  the  portal  vein,  in  the  splenic  and  mesenteric  veins,  and 
in  the  veins  of  the  bladder  and  rectum.  Its  eggs,  small  bodies  0.04 
mm.  wide  and  0.12  mm.  long,  and  carrying  a  sharp  spicule  at  one 
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end  or  at  the  side,  have  been  found  in  the  lungs,  liver,  bladder, 
rectum,  urethra,  and  urine ;  neither  the  parasite  nor  the  eggs  have 
thus  far  been  met  with  in  the  blood. 

Veyefable  parasites  or  hacieria  are  frequently  found  in  the  blood. 
In  cases  of  relapsing  fever  the  spirochaeta  occurs  so  regularly  that  the 
microscopic  examination  of  the  blood  is  important  for  diagnosis. 
The  same  is  true  of  anthrax  in  which  the  bacilli  may  be  exceedingly 
abundant  in  the  blood  drawn  from  the  skin.  Among  the  other  micro- 
organisms that  have  been  found  in  the  bacteriological  or  clinical 
examinations  of  the  blood  are  the  pyogenic  micrococci,  the  gono- 
coccus,  the  tubercle  bacillus,  and  the  bacillus  of  influenza.  In  these 
cases,  however,  little  diagnostic  or  clinical  significance  as  a  rule 
attaches  to  the  examination  of  the  blood  for  bacteria. 


Clinical  Methods  of  Examining  the  Blood. 

Eemoval  of  the  Blood  for  Examination. 

The  method  of  removal  of  the  blood  for  various  clinical  examina- 
tions depends  upon  the  purpose  in  view.  In  the  ordinary  examina- 
tion to  determine  the  number  of  corpuscles  or  the  percentage  of  hsemo- 
globin  a  small  incision  into  the  end  of  the  finger  or  into  the  lobe  of 
the  ear  is  i^ainless  and  entirely  satisfactory.  The  skin  should  always 
be  prepared  with  the  greatest  care  by  carefully  washing  with  water, 
drying,  and  then  washing  with  alcohol.  Prolonged  washing  or  rub- 
bing should,  however,  be  avoided.  The  puncture  should  be  made 
quickly,  and  for  this  purpose  a  flat  knife,  such  as  that  used  by  oph- 
thalmologists for  incisions  into  the  cornea,  is  very  useful.  Small 
lancets,  such  as  those  supplied  with  the  Gowers  hsemoglobinometer, 
in  which  a  caj)  may  be  screwed  back  and  forth  so  as  to  uncover  any 
desired  length  of  the  blade,  have  many  advantages. 

In  young  children  it  may  be  necessary  to  take  the  blood  from  the 
great  toe  instead  of  from  the  finger  or  ear.  In  adults  the  lobe  of  the 
ear  is  less  painful,  but  the  flow  of  the  blood  and  the  manipulations 
can  be  better  carried  out  when  the  end  of  the  finger  is  used.  Under 
no  circumstances  should  peripheral  congestion  be  induced  by  squeez- 
ing the  finger  or  the  like. 

Larger  quantities  of  blood  are  needed  for  certain  chemical  exam- 
inations, for  estimations  of  the  specific  gravity,  etc.  Very  frequently 
it  is  possible  to  obtain  sufficient  quantities  for  such  purposes  by  a 
d^ep  puncture  into  the  fina;er,  but  it  is  much  more  satisfactory  on  the 
whole  to  introdu-^e  a  fine  hollow  needle  into  one  of  the  veins  of  the 
arm.     It  is  exceedingly  easy  to  insert  a  needle  into  the  median  basilic, 
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the  operation  is  almost  painless  and  tlie  blood  flows  quickly.  A 
light  compression  pad  may  be  applied  for  a  short  time  after  the  oper- 
ation, but  this  as  a  rule  is  unnecessary.  Repeated  use  of  this  method 
has  convinced  me  that  it  is  without  danger  and  always  easily  accom- 
plished. 

Time  of  the  Examination. — In  certain  examinations  the  time  of 
day  is  of  considerable  importance,  and  it  should  always  be  stated  in 
the  records  at  what  time  the  examination  was  made.  As  a  rule  the 
hours  before  midday  are  most,  suitable.  In  cases  in  which  the 
number  of  white  corpuscles  or  the  chemical  composition  of  the  blood 
is  under  consideration,  the  time  of  the  last  preceding  meal  and  the 
nature  of  the  food  taken  should  be  recorded,  together  with  the 
quantity  of  liquid  consumed  and  the  character  and  amount  of  the 
excretions. 

Methods  of  Esteviating  the  Numbee  of  Coepuscles. 

Vierordt  first  devised  a  satisfactory  method  of  counting  the  cor- 
puscles of  the  blood.  Since  the  time  of  his  publication  a  number  of 
methods  more  exact  in  their  results  have  been  suggested  and  blood- 
counting  has  come  into  general  practice.  All  of  the  methods  depend 
upon  the  determination  under  the  microscope  of  the  number  of  cor- 
puscles in  definite  quantities  of  blood  diluted  with  solutions  which 
preserve  the  corpuscles  from  disintegration. 

Very  many  solutions  have  been  suggested  for  the  purpose,  and 
individual  taste  largely  determines  the  preference  given  to  one  or 
another  by  various  authorities.  Among  the  more  useful  are  the 
following : 

Hayem's  Solution. 

'Bf  Hydrarg.  bichloridi 0.25 

Sodii  chloridi, 0.5 

Sodii  sulpliatis, 2.5 

Aquae  dest, 100.0 

Pacini's  Fluid. 
I^  Hydrarg.  bichlor., 2.0 

Sodii  chloridi,  ....... 

Glycerini, 

Aquse  dest., 

Dilute  with  three  times  the  quantity  of  water  before  using 


4.0 

26.0 

226.0 


In  addition  to  these,  simple  hypertonic  solutions  of  sodium  chlo- 
ride are  useful  and  have  the  advantage  that  they  are  easily  prepared. 
A  one-per-cent.  or  two-per-cent.  aqueous  solution  of  ordinary  salt 
answers  the  purpose  very  well.  Dalancl  and  Sadler  recommend  a 
two  and  a  half-per-cent.  solution  of  bichromate  of  potassium,  and  I 


160  c.c. 

30  c.c. 

8gm. 

Igm. 

0.025 

gm. 
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liave  found  this  very  satisfactory ;  but  it  lias  several  times  hapi)ened 
to  me  tlijit  solutions  prepared  witli  bichromate  of  potassium  not 
wholly  pure  have  been  useless  as  they  caused  agglutination  of  the 
corpuscles  in  clusters. 

The  counting  of  white  corpuscles  is  often  facilitated  by  the  addi- 
tion of  some  stain  such  as  gentian  or  methyl  violet.  This  colors  the 
white  corpuscles  blue  and  renders  them  more  conspicuous.  Toisson's 
fluid  is  exceedingly  useful  for  this  purpose.     The  formula  is : 

I^  Aqiuc  dest.,       .         .         .         .    ' 
Glycerini,  .... 

Sodii  sulpliatis, 

Sodii  cbloridi,  .... 
Methyl  violet,    .        ... 

As  a  rule,  however,  I  use  less  methyl  violet,  as  the  red  corpuscles 
are  occasionall}^  stained  when  the  original  formula  is  followed. 

Sometimes  it  is  useful  to  dissolve  the  red  corpuscles  so  that  the 
leucocytes  may  be  more  readih'  determined.  For  this  purpose  0.3 
or  0.5-per-cent.  solutions  of  acetic  acid  were  recommended  by  Thoma 
and  have  since  been  generally  used. 

A  number  of  solutions  have  been  suggested  for  counting  the  blood 
plaques.  Pruss  advises  a  mixture  of  ten  parts  of  a  0.1-per-cent. 
chromic-acid  solution  with  ten  parts  of  a  one-per-cent.  osmic-acid 
solution  and  one  part  of  glacial  acetic  acid.  Afanassiew  used  a  0.6- 
per-cent.  sodium-chloride  solution  to  which  0.6  per  cent,  of  peptone 
and  a  small  amount  of  methyl  violet  had  been  added. 

Thoma-Zeiss  Method. — Among  the  instruments  used  for  counting 
the  blood  corpuscles  the  most  useful  is  that  of  Thoma,  constructed 
by  Zeiss.  This  consists  of  a  pipette  (Fig.  28)  in  which  definite 
dilutions  may  be  obtained  and  a  slide  upon  which  a  layer  of  the  di- 
luted blood  of  accurate  thickness  is  prepared.  The  slide  is  then 
placed  under  a  microscope  and  the  number  of  corpuscles  counted 
within  squares  engraved  upon  the  slide.  In  this  way  the  number  of 
corpuscles  in  definite  quantities  of  the  diluted  blood  can  be  readily 
determined. 

The  diluting  pipette  consists  of  a  capillary  tube  about  10  cm. 
in  length  opening  into  a  bulb  at  the  upper  end.  Above  the  bulb 
the  pipette  again  contracts  to  a  capillary  tube.  The  capillary  tube 
beloAV  the  bulb  is  graduated  with  cross  lines  marking  tenths,  from 
0.1  to  0.5  and  1.0;  above  the  bulb  the  mark  101  is  found.  The 
dilution  is  accomplished  by  drawing  blood  to  the  mark  0.5  or  1.0  and 
then  diluting  fluid  until  the  mark  101  is  reached.  There  is  then  0.5 
or  1.0  part  of  blood  in  the  one  hundred  parts  of  fluid  contained  in 
the  bulb.     Accurate  mixture  is  then  obtained  by  shaking  the  bulb,  a 
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small  glass  bead  being  contained  in  tlie  latter  to  facilitate  tlie  mixing. 
Care  must  be  taken  in  using  this  instrument  tbat  it  is  thoroughly 
clean  and  dry,  and  when  the  blood  is  drawn  up  in  the  capillary  tube 
it  must  come  accurately  to  the  mark  intended  and  not 
overshoot  this  mark.  In  the  latter  case  it  should  be 
drawn  up  to  the  next  higher  mark  rather  than  blown  out, 
as  the  latter  procedure  would  leave  many  corpuscles 
clinging  to  the  sides  of  the  tube.  After  the  dilution  is 
obtained  a  drop  i&  placed  upon  the  counting  chamber 
(Fig.  29),  care  being  always  taken  to  first  expel  several 
drops  of  liquid  from  the  capillary  tube,  as  the  last  liquid 
drawn  into  this  is  liquid  with  which  no  blood  has  been 
mixed. 

The  counting  chamber  consists  of  a  circular  disc  of 
glass  cemented  in  the  centre  of  a  glass  slide  and  marked 
by  cross  lines  as  is  represented  in  the  diagram  (Fig.  30). 
These  lines  are  accurately  one-twentieth  of  a  millimetre 
apart  so  that  the  squares  formed  by  the  intersecting  lines 
are  one-four  hundredth  of  a  square  millimetre.  Larger 
squares  containing  sixteen  of  the  small  ones  are  formed 
by  double  lines,  made  h\  drawing  an  extra  line  between 
two  of  the  adjacent  lines  first  mentioned.  The  disc  of 
glass  upon  which'  these  lines  are  drawn  is  surrounded 
by  a  square  of  glass  with  a  circular  part  removed  from  its 
centre  so  as  to  enclose  the  first-mentioned  disc.  The 
outer  table  of  glass  is  accurately  0.1  mm.  higher  than  the 
inner  disc,  and  is  separated  from  the  latter  by  an  inter- 
vening space.  A  drop  of  the  diluted  blood  being  now 
brought  upon  the  central  disc  of  glass  a  ground  cover- 
glass  is  applied,  so  that  the  space  between  the  central 
disc  and  the  under  side  of  the  cover-glass  is  accurately 
filled  and  the  apposition  between  the  outer  table  of  glass 
and  the  cover-glass  is  so  perfect  that  the  Newtonian  color 
rings  are  perceptible.  Some  practice  is  necessary  to  se- 
cure uniform  results.  The  slide  is  now  allowed  to  lie 
flat  for  some  minutes  so  that  the  corpuscles  may  rest 
upon  the  glass  disc.  Then  the  slide  is  placed  under  a 
microscope  (using  a  moderately  low  power,  Zeiss  C  or 
Leitz  5  or  6),  the  Abbe  condenser  being  removed  or  low- 
ered. The  cross  lines  are  now  plainly  visible  and  the  corpuscles  are 
easily  counted.  In  the  latter  process  all  of  the  corpuscles  in  the 
ruled  part  of  the  slide  (containing  four  hundred  small  squares,  see 
Fig.  30)  should  be  counted.      This  insures  very    accurate    results; 


S 


Fig.  28.— Capil- 
lary    Tube 

Employed,  in 
the  Thoma- 
Zeiss  Method 
for  Counting 
the  Blood 
Corpuscles. 


CLINICAL  METHODS   OF  EXAMINING  TETE   BLOOD. 


2G0 


but  approximate  results  are    obtaiued  after  some  experience  when 
three  or  four  of  the  hirge  squares  (containing  forty-eight  or  sixty- 
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Fig.  29. — Counting  Chamber  Employed  in  the  Thoma-Zeiss  Method  for  Counting  the  Blood  Cor- 
puscles. 

four  small  squares)  are  counted .  Some  rule  must  be  adopted  for  the 
corpuscles  touching  the  lines  so  as  to  prevent  double  counting  or 
the  inclusion  of  too  large  a  space.  If  the  corpuscles  touching  the 
upper  line  and  one  side  line  of  each  square  (either  on  the  inside  or 


Fig.  30. — Arrangement  of  Cross-lines  over  the  Coimting  Chamber. 

the  outside  of  the  square)  are  included,  and  those  touching  the  lower 
and  other  side  line  are  excluded,  these  difficulties  will  be  obviated. 
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After  the  corpuscles  in  a  large  number  of  small  squares  have  been 
counted,  the  calculation  of  the  number  in  a  cubic  millimetre  of  the 
blood  is  easily  made.  Each  of  the  small  squares  is  -^V  XW  nim.  or 
^^  sq.mm.,  and  the  cell  is  yV  mm.  deep ;  therefore  each  small  square 
equals  xtot  c.  mm.  The  average  number  of  corpuscles  multiplied 
by  4,000  therefore  gives  the  number  of  corjjuscles  in  1  c.mm.  of  the 
diluted  blood ;  and  if  this  number  be  further  multiplied  by  100  or  200 
(according  to  the  dilution  used)  the  number  of  corpuscles  in  the  un- 
diluted blood  is  obtained.  If,  for  example,  the  number  of  corpuscles 
in  48  squares  was  480,  the  average  number  is  10  per  square  and  the 
calculation  is:  10x4,000x100=4,000,000* 


Fig. 


31.— Thoma-Zeiss  Method  of  Counting  Red  Blood  Corpuscles.    Showing  the  corpuscles  and 
cross-lines  under  microscope.    One  leucocyte  in  the  field. 


The  calculation  is  exceedingly  simple  when  the  corpuscles  of  the 
400  squares  are  counted.  The  cubic  space  covering  these  400  squares 
being  0.1  c.mm.,  the  number  of  corpuscles  is  simply  multiplied  by 
10  and  then  by  100  or  200,  according  to  the  dilution. 

The  white  corpuscles  may  be  estimated  with  the  same  instrument 
as  the  red,  but  a  special  diluting  pipette  has  been  prepared  by  Zeiss 
in  which  the  dilutions  1:20  or  1:10  are  obtained.  When  the 
greater  dilutions  (1 :  100  or  200)  are  used  at  least  three  or  four  slides 
should  be  prepared  and  the  corpuscles  counted  in  the  entire  ruled 
portion  (representing  1,200  or  1,600  small  squares) ;  but  even  then  the 
error  is  likely  to  be  great,  excepting  in  cases  of  leukaemia  or  decided 
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leucocytosis  iu  which  tho  number  of  leucocytes  is  very  large.  The 
method  of  calculation  is  the  same  as  that  given  above. 

When  the  special  leucocyte  pipette  is  used,  it  is  well  to  select  the 
form  iu  which  the  capillary  tube  is  greatly  contracted  at  the  tip. 
This  makes  it  easy  to  draw  the  blood  up  slowly  and  accurately  to  the 
mark  iutended.  Tho  acetic  acid  mixture  is  alwa3'S  desirable  as  a 
diluent  to  be  used  with  this  pipette,  as  the  number  of  red  corpuscles 
in  a  1 :  10  or  20  dilution  is  so  great  that  they  may  interfere  with  the 
counting  of  the  leucocytes. 

The  estimation  of  the  number  of  leucocytes  may  be  greatly  fa- 
cilitated by  determining  the  area  covered  by  the  field  of  vision  of  the 
microscoi:)e  and  then  counting  the  leucocytes  in  a  large  number  of 
such  fields.  The  area  of  the  field  is  readily  determined  by  moving 
the  tube  of  the  microscope  up  or  down  until  one  of  the  parallel  lines 


Fig.  32. 


Fig.  .3.3. 


of  the  ruled  slide  accurately*  coincides  with  either  side  of  the  field  of 
vision,  as  in  Fig.  32.  The  diameter  of  the  field  is  then  -jV  mm.  (a  be- 
ing the  number  of  parallel  spaces  included  in  the  field) .  The  area  of 
the  circle  is  readily  calculated  by  the  formula  E"-  (R  =  radius;  -  = 
3.1416),  or  substituting  the  figure  representing  E,  it  is  (^o^)'~.  The 
cubic  content  of  the  space  under  the  field  of  vision  is  yVX  (tu)''  (^•^•■> 
depth  of  the  chamber  multiplied  by  the  surface  area) .  If,  for  exam- 
ple, 8  parallel  spaces  are  included,  the  formula  w^ould  be:  ^V^  (tV)'~ 
or  -^^X-^jX  3.1416.  If  in  this  case  the  corpuscles  in  25  full  fields  of 
vision  were  counted  and  the  dilution  was  1 :  10,  the  total  number  of 
corpuscles  in  the  25  fields  would  simply  be  multiplied  by  3.1416  to 
obtain  the  number  of  leucocytes  in  1  c.mm.  of  undiluted  blood.  If 
the  number  of  leucocytes  is  greatly  above  the  normal,  it  would,  how- 
ever, prove  difficult  to  count  the  corpuscles  in  so  large  a  field  without 
the  aid  of  cross  lines.     In  such  cases  a  dilution  of  1 :  100  should  be 
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used  and  the  calculation  altered  accordingly.  Tlie  same  method  of 
calculation  may  be  applied  to  any  number  of  parallel  spaces ;  and  if 
the  tube  is  marked  and  the  same  lenses  are  always  employed,  the 
factor  will  remain  constant  for  all  subsequent  calculations. 

The  same  result  is  accomplished  by  moving  the  tube  of  the  micro- 
scope until  the  corners  of  a  square  group  of  smaller  squares  are  cut 
by  the  field  of  vision  as  in  Fig.  33.  The  area  of  the  field  of  vision 
may  then  be  readily  determined  hj  its  relations  with  the  area  of 
the  enclosed  square.  Thus  in  Fig.  33  a  square  is  enclosed,  each 
side  of  which  is  eight  spaces  in  length.  Representing  this  by  S,  the 
area  of  the  square  =  S'.     The  radius   (E.)   of  the  circle  may  be  de- 


FiG.  34.— Growers'  Haemacytometer. 


termined  from  the  relations   of  the  right  angle.     Thus  S'^  =  '2W, 

orE'=— -.    The   area  of  the   circle   being  W-,  the  terms   may  be 

A 

changed  so  that  the  formula  is  obtained : 

2    " 
and 


Area  of  circle 


area  of  square  :  area  of  circle  : :  S'^  :  -„- 


or 


area  of  square  :   area  of  circle  : :  3  :  tt. 

From  this  formula  the  calculation  is  easily  accomplished  in  any  case, 
no  matter  how  many  squares  are  included  in  the  circle  or  what  is 
the  degree  of  the  dilution. 

Gowers'  Hcemacytometer. — This  instrument  consists  of  a  pipette,  in 
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wliicli  exactly  995  c.mm.  of  liquiil  may  be  measured,  aud  of  a  capillary 
tube  graduated  to  contain  5  c.mm.  A  small  glass  jar  is  furnished 
for  mixing  the  blood  and  diluting  fluid,  and  a  glass  rod  is  used  for 
stirring  the  mixture.  A  brass  stage  plate  carries  a  glass  slip,  on  the 
centre  of  which  is  a  cell  ^  mm.  deep  and  divided  into  squares  -jV  nim. 
on  each  side  by  i^arallel  lines  crossing  at  right  angles.  A  cover- 
glass  is  pressed  upon  the  cell  by  brass  cliiDS  attached  to  the  stage 
plate.  This  instrument  is  used  as  follows:  995  c.mm.  of  a  diluting 
fluid  are  placed  in  the  mixing  jar  and  5  c.mm.  of  blood  are  measured  in 
the  capillary  tube  and  then  added  to  the  diluting  fluid.  Thorough 
mixture  of  the  fluids  is  secured  by  stirring  with  the  glass  rod ;  a  drop 
of  the  diluted  blood  is  then  placed  upon  the  cell  and  covered  with  a 
ground  cover-glass  held  in  place  with  the  clips.  After  a  few  minutes 
the  number  of  corpuscles  in  the  cell  is  counted  and  the  result  is  easily 
calculated.  Each  square  represents  a  cubic  si^ace  of  j^  c.mm. 
(i  X  tV  X  tV)  3-^cl  the  dilution  is  1 :  200.  Therefore  the  number  of 
corpuscles  in  10  squares  multiplied  by  10,000  gives  the  total  number 
in  1  c.mm.  of  undiluted  blood.  This  instrument  is  upon  the  whole 
less  useful  and  more  complicated  than  the  Thoma-Zeiss  apparatus. 

Other  instruments  have  been  constructed  by  Mallassez,  Alferow, 
and  others,  but  those  described,  particularly  the  Thoma-Zeiss, 
answer  well  for  all  practical  purposes. 

Determination  of  the  Volume  of  the  Corpuscles. 

A  number  of  methods  have  been  suggested  for  this  purpose.  In 
practical  clinical  work  the  centrifugal  apparatus  of  Blix-Hedin  is  the 
readiest  and  most  reliable  method,  though  the  results  are  less  accurate 
than  those  obtained  by  certain  more  tedious  and  complicated  methods, 
such  as  that  of  the  brothers  Bleibtreu. 

Blix-Hedhi  Hcemafokrit. — The  method  of  applying  centrifugal 
force  in  the  separation  of  the  corj)uscles  from  the  plasma  or  serum 
was  employed  by  Gamgee  and  Blix,  and  the  latter  constructed  a 
special  instrument,  the  hEematokrit,  This  was  subsequently  improved 
by  Hediu  and  has  since  been  modified  in  some  particulars  by  Daland 
and  Gaertner.  It  consists  of  a  metallic  frame  in  which  two  capillary 
tubes  may  be  revolved  in  a  horizontal  direction  with  great  speed 
(9,000  to  10,000  revolutions  i^er  minute).  The  tubes  are  35 mm.  long 
and  have  a  uniform  diameter  of  1  mm.  They  are  divided  into  fifty  parts 
by  cross  rulings.  In  the  practical  use  of  this  instrument  the  blood  is 
first  diluted  with  an  equal  quantity  of  ]MiiUer's  fluid,  or  two  and  a  half 
per-cent.  solutionof  bichromate  of  potassium,  the  Thoma-Zeiss  pipette 
for  white  corpuscles  or  special  capillarv  tubes  fHedin)  being  used  for 
this  purpose.  The  mixture  is  placed  in  a  small  dish,  and  the  capillary 
Vol.  YIl.— 18 
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tubes  are  filled  by  placing  one  end  in  tlie  liquid  and  sucking  through  a 
rubber  tube  applied  to  the  other  end.  The  tube  is  then  i^laced  in  the 
metallic  frame,  where  it  is  held  in  place  by  springs,  the  ends  being 
firmly  closed  by  caoutchouc  caps.  Both  tubes  being  in  place,  the 
sedimentation  is  accomplished  by  rapid  revolutions  continued  for  a 
minute  or  more.  Usually  one  minute  suffices  to  secure  a  constant 
volume  of  red  corpuscles  in  the  distal  end  of  the  tubes,  where  a  dark, 
colored  mass  will  be  observed.  At  the  inner  end  of  this  mass  the 
leucocytes  collect  in  a  light  gray  or  whitish  zone  and  the  proximal 


Fig.  35.— Hsematokrit.    Daland's  modification. 


part  of  the  tube  is  occupied  by  the  yellowish  mixture  of  plasma  and 
diluting  fluid.  The  volume  of  red  corpuscles  is  then  read  by  placing 
a  piece  of  white  paper  beneath  the  tube  and  counting  the  number 
of  spaces  filled  by  the  corpuscles.  This  number  multiplied  by  4 
gives  the  volume  of  red  corpuscles  in  100  parts  of  blood,  since  the 
blood  has  been  diluted  with  an  equal  bulk  of  diluting  fluid,  and  the 
tube  is  divided  into  50  parts.  In  Daland's  investigations  the  volume 
of  blood  corpuscles  in  normal  subjects  varied  from  44  to  66  parts  in 
100,  the  average  in  55  cases  being  51.618.  The  white  corpuscles 
cannot  be  accurately  determined,  though  in  cases  of  leucocytosis  a 
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considerable  increase  of  the  usual  volume  may  be  observed.  The 
volume  i^ercentages  may  be  used  to  calculate  the  approximate  num- 
ber of  corpuscles.  Thus  in  Daland's  studies  the  average  number  of 
corpuscles  counted  by  the  Thoma-Zeiss  apparatus  was  5,130,248  and 
the  average  volume  51.G18.  One  volume,  therefore,  corresponded 
to  about  99,390  red  corpuscles.  Alterations  in  the  size  of  the 
corpuscles  make  a  great  difference  in  the  total  volume,  so  that  a  con- 
version of  volume  into  number  percentages  might  be  quite  unreliable. 

The  centrifugal  apparatus  is  extremely  useful  in  scientific  studies, 
but  cannot  in  its  present  form  supplant  the  Thoma-Zeiss  counting 
method  in  ordinary  clinical  work.  The  method  is  much  simf)lified 
by  substituting  longer  tubes  divided  into  hundredth-volumes  instead 
fiftieths  and  by  working  rapidly  with  undiluted  blood.  Absolutely 
accurate  results  cannot,  however,  be  obtained. 

Sedimentation  Metliods. — Methods  of  this  kind  have  been  employed 
by  a  number  of  investigators,  and  particularly  by  Biernacki.  The 
blood  is  defibrinated  or  treated  with  oxalate  of  sodium  to  prevent  co- 
agulation, and  placed  in  a  taU  and  accurately  graduated  cylinder. 
After  twenty-four  or  forty-eight  hours  a  sediment  of  corpuscles  of 
constant  height  is  obtained  and  the  volume  is  readily  calculated. 
This  method,  however,  can  give  only  approximate  results. 

The  Bleihtreii  metJiod,  introduced  by  the  brothers  Bleibtreu,  is  the 
most  scientific  of  those  thus  far  suggested.  Two  or  laore  parts  of 
blood  are  diluted  with  known  quantities  of  0.6  per  cent.  NaCl  solution 
and  the  corpuscles  allowed  to  settle.  The  clear  serum  is  then  re- 
moved with  the  aid  of  a  jjipette  and  the  amount  of  nitrogen  in  this 
is  determined  by  the  Kjeldahl  method.  The  volume  of  the  serum  may 
be  readily  determined  by  comparison  of  the  amounts  of  nitrogen 
in  equal  quantities  of  the  different  sx)ecimens  of  diluted  plasma,  or  of 
that  in  the  diluted  plasma  and  that  in  the  undiluted  plasma  obtained 
by  sedimentation  of  the  blood.  The  following  formula  serves  for  the 
calculation  • 

/  .  Si  Si 

n,  and  n„  being  the  amounts  of  nitrogen  in  equal  parts  of  two 
specimens  of  serum  differently  diluted;  Sj  and  's„  being  the  quantities 
of  sodium  chloride  solution  emijloyed,  and  b,  and  h^  the  quantities 
of  blood. 

Undoubtedly  objections  may  be  made  against  this  method,  and  in 
particular  it  is  certain  that  the  sodium-choride  solution  causes  some 
change  in  the  red  corpuscles  by  osmosis ;  but  upon  the  whole  the 
method  is  the  most  reliable  yet  devised.  Greater  accuracy  is  obtained 
by  first  determining  the  isotonicity  of  the  red  corpuscles  and  using  the 
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isotonic  strength  of  NaCl ;  but  this  makes  the  examination  more  tedi- 
ous. 

Differential  Counting  of  the  Leucocytes. 

The  counting  of  the  individual  forms  of  leucocytes  in  the  stained 
specimen  of  blood  is  a  rather  tedious  process.  Ordinarily  this  is 
done  by  preparing  a  cover-glass  or  a  number  of  cover-glass  prepa- 
rations, staining  with  the  triacid  mixture,  and  moving  the  specimen 
about  with  the  aid  of  a  mechanical  stage.  In  this  way  a  large  num- 
ber of  leucocytes  may  be  counted  and  the  relative  proportions  es- 
tablished. Not  less  than  five  hundred  or  one  thousand  white  cells 
should  be  estimated. 

Zappert  recommended  the  following  method :  To  a  freshly  pre- 
pared osmic-acid  solution  he  adds  a  few  di'ops  of  a  filtered  mixture 
composed  of  equal  parts  of  distilled  water  and  glycerin,  and  half  as 
much  of  a  one-per-cent.  solution  of  eosin  in  water.  The  solution 
thus  prepared  is  used  as  a  diluting  mixture  with  the  Thoma-Zeiss 
apparatus.  The  eosinophilic  cells  according  to  Zappert  are  readily 
determined,  but  my  own  experiences  with  this  mixture  have  been  very 
unsatisfactory. 

Elzholz  has  suggested  a  mixture  which  seems  to  be  more  satisfac- 
tory. Using  the  Thoma-Zeiss  melangeur  for  white  corpuscles,  blood 
is  drawn  to  the  mark  1,  and  then  the  following  mixture  until  the  bulb 
is  half  filled:  Aqueous  solution  of  eosin  (two  per  cent.),  7  parts; 
glycerin,  45  parts;  and  distilled  water,  55  parts.  The  blood  and 
liquid  are  shaken  for  a  few  minutes,  and  then  a  second  solution 
(composed  of  concentrated  aqueous  solution  of  gentian  violet,  4 
drops;  absolute  alcohol,  1  drop;  and  water,  15  c.c.)  is  drawn,  into 
the  pipette  until  the  mark  11  is  reached.  The  polymorphous  cells 
are  deeply  stained,  the  eosinophilic  reddish-violet. 

Estimation  of  the  Amount  of  Hcemoglohlin. 

A  number  of  methods  have  been  suggested  for  this  purpose.  They 
depend,  for  the  most  part,  upon  comparisons  of  diluted  blood  with 
colored  solutions  of  various  kinds,  or  with  other  standards,  or  upon 
the  thickness  of  layers  of  blood  through  which  marks  or  other  objects 
may  be  plainly  visible.  The  best  known  and  most  satisfactory  meth- 
ods are  those  of  Fleischl,  Gowers,  and  Hoppe-Seyler. 

FleischVs  Method. — The  apparatus  consists  of  several  parts.  There 
is  first  a  metallic  cylinder  with  a  glass  bottom  and  divided  into  two 
equal  parts  by  a  vertical  septum.  The  blood  is  placed  in  one-half  of 
the  cylinder,  water  in  the  other  half.  Measuring  pipettes  are  sup- 
plied so  that  the  exact  quantity  of  blood  for  each  individual  instru- 
ment may  be  obtained.     A  wedge  of  red  glass  mounted  in  a  frame 
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"wliicli  moves  horizontally  beneath  a  stage  furnishes  the  standard  with 
which  the  diluted  blood  is  compared. 

In  the  practical  ai^plication  of  this  instniment  one  of  the  pipettes 
is  filled  with  blood  by  capillarity.  The  blood  is  placed  in  one  com- 
partment of  the  metal  cylinder,  and  the  compartment  then  filled  to  the 
top  with  distilled  water ;  the  other  side  of  the  cylinder  is  filled  with 
water.  The  cylinder  is  placed  over  a  circular  opening  in  the  stage, 
where  it  rests  directly  above  the  wedge  of  glass,  which  may  be  moved 
back  and  forth  on  the  under  side  of  the  stage.     Light  from  a  candle 


Fig.  36,— Fleischl's  Hsemoglobinometer. 

or  lamp  (daylight  cannot  be  used)  is  reflected  upwards  from  a  plaster- 
of-Paris  plate,  and  as  the  wedge  of  glass  is  moved  its  color,  seen 
through  the  distilled  water  in  the  one  side  of  the  cylinder,  is  compared 
with  that  of  the  diluted  blood  in  the  other  side.  A  scale  is  engraved 
upon  the  frame  carrying  the  wedge  of  glass  in  such  manner  that  with 
normal  blood  the  tr^'o  colors  are  alike  when  the  frame  stands  at  the 
mark  100.  From  this  mark  towards  the  thin,  light-colored  end  of  the 
glass  wedge  the  numbers  90,  80,  70,  etc.,  are  found,  and  thus  the 
percentage  proportion  of  haemoglobin  is  readily  determined  by  mov- 
ing the  glass  wedge  back  and  forth.  The  absolute  amount  of  haemo- 
globin is  easily  calculated  when  it  is  remembered  that  there  are  about 
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14  parts  of  lisemoglobin  in  100  parts  of  normal  blood.  The  number 
14  is  simply  multiplied  by  the  percentage  number  and  divided  by  100. 
Thus  if  80  per  cent,  of  lifemoglobin  is  found,  the  absolute  quantity  of 
hgemoglobin  is  80  X  14  ^  100  =  11.20. 

There  are  several  inaccuracies  in  this  method.  In  the  first 
place,  the  normal  number  100  is  too  high,  many  individuals  having 
apparentlj^  normal  blood  showing  only  85  or  90  per  cent,  by  the 
Fleischl  method.  In  the  second  place,  the  comparison  of  colors  is 
difficult  when  the  blood  is  poor  in  coloring  matter,  and  the  eiTor  grows 
with  decreased  amounts  of  haemoglobin  so  that  the  determination  of 
very  small  quantities  is  quite  inaccurate.  This  error  may  be  obvi- 
ated in  part  by  taking  blood  from  two  pipettes  instead  of  from  one 
and  dividing  the  percentage  by  two.  On  the  whole,  Fleischl's  in- 
strument is  the  most  useful  one  devised  for  ordinary  clinical  work. 

Goiveis'  Hcemoglohinometer. — The  instrument  consists  of  two  glass 
cylinders,  one  containing  a  standard  carmine-picrocarmine-glycerin 
solution  corresponding  to  a  one-per-cent.  aqueous  solution  of  normal 
blood ;  the  other  is  graduated  in  tenths  from  10  to  120.  A  capillary 
tube  marked  so  that  exactly  20  c.mm.  may  be  measured  is  used  to 
secure  the  proi)er  quantity  of  blood,  and  a  small  dropper  is  supplied 
to  add  distilled  water  to  the  blood. 

The  estimation  is  conducted  as  follows :  A  drop  or  two  of  distilled 
water  is  placed  in  the  graduated  glass  cylinder.  Then  20  c.mm.  of 
blood  are  measured  in  the  pipette  and  carefully  expelled  into  the  cyl- 
inder. The  cylinder  is  shaken  for  a 'few  minutes  and  then  distilled 
water  is  added  with  the  dropper  until  the  blood  is  diluted  to  a  point 
at  which  the  color  is  exactly  that  of  the  standard.  This  is  readily  de- 
termined by  holding  the  two  cylinders  against  a  sheet  of  white  paper. 
The  proportion  of  hsemoglobin  is  then  obtained  by  noting  on  the  scale 
the  figure  to  which  the  dilution  has  been  carried. 

Hoppe-Seyler's  apparatus  is  too  complex  to  be  described  in  this 
place.  It  consists  of  a  metal  tube  and  prismatic  mechanism  by  which 
the  color  of  a  standard  solution  of  CO-hsemoglobin  may  be  compared 
with  that  of  a  quantity  of  blood  treated  with  carbonic  oxide  and  di- 
luted with  water  saturated  with  the  same  gas.  The  results  obtained 
by  this  method  are  more  accurate  than  those  obtained  by  the  Fleischl 
or  Gowers  apparatus,  but  the  method  is  too  difficult  for  ordinary 
clinical  work. 

The  instruments  of  Hayem,  Henocque,  Bizzozero,  and  Mallassez 
are  inferior  and  little  used.  Henocque's  method  is  described  in  the 
following  section. 
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Spectroscopic  Examination  of  the  Blood. 

The  spectroscope  is  useful  to  determine  the  form  of  the  haemoglo- 
bin present  in  the  blood.  Under  normal  conditions  this  substance, 
which  constitutes  nearly  14  parts  in  100  parts  of  the  entire  blood, 
occurs  as  an  0x3' -compound,  called  oxy haemoglobin.  The  latter  is 
an  albuminous  iron-containing  body,  four  per  cent,  being  haemo- 
chromagen  and  96  per  cent,  albumin.  The  haemoglobin  is  retained 
in  the  body  of  the  corpuscle  b}^  the  stroma  of  the  latter,  but  is  rather 
easily  dislodged  and  the  oxy haemoglobin  may  thus  become  dissolved 
in  the  i)lasma  (haemoglobinaemia),  and  rhombic  plates  or  crystals  of 
oxyhacmoglobin  may  appear  within  the  living  body.  The  oxj^h^emo- 
globin  is  a  loose  compound  of  one  molecule  of  oxygen  with  one  of 
haemoglobin,  and  readily  parts  with  its  oxygen  in  vacuo  or  under  the 
influence  of  various  reducing  agents, 

Spectroscopically,  oxylicemoglobin  is  distinguished  by  a  darkening 
of  each  end  of  the  spectrum,  notably  at  the  indigo  end,  and  by  two 
rather  broad  absorbent  bands  in  the  yellow  and  green  between  the 
lines  D  and  E.  When  submitted  to  the  action  of  reducing  agents 
oxy haemoglobin  is  converted  into  redaced  Jicemoglohiyi  or  simple  hcemo- 
glohin.  The  appearance  of  the  blood  to  the  naked  eye  undergoes  a 
change  when  this  reduction  takes  place,  the  color  becoming  a  dark 
bluish-red  instead  of  the  normal  light  red,  and  the  spectroscope 
shows  a  single  absorption  band  instead  of  a  double  band  between  D 
and  E.  Acids  and  alkalies  further  reduce  or  break  ^^p  the  haemo- 
globin, producing  an  albuminous  body,  and  an  iron-containing  pig- 
ment known  as  Jicemafin.  Under  the  influence  of  salt  solution  and 
acetic  acid  the  oxyhaemoglobin  may  be  converted  into  a  chlorine 
compound  of  haematin,  called  Jicemin.  The  latter  crystallizes  in 
elongated  rhombic  plates  of  brown  color.  Its  spectroscopic  features 
are  the  same  as  those  of  haematin.  By  treating  either  of  these  com- 
pounds with  strong  sulphuric  or  hydrochloric  acid,  the  iron  may  be 
abstracted  and  a  pigment  results  which  is  isomeric  vrith  bilirubin 
and  known  as  haematoporphyrin.  The  spectrum  of  haematin  in 
alkaline  solution  shows  an  absorbent  band  lying  between  C  and  D, 
and  slightly  beyond  D.  In  acid  solution  the  lines  are  identical  with 
those  of  methcemoglobin  in  acid  solution.  The  last-named  form  of 
haemoglobin  is  produced  by  a  large  number  of  blood  poisons.  It  is 
an  oxygen  compound  of  the  haemoglobin  in  which  the  oxygen  is  in 
more  intimate  union  with  the  haemoglobin  than  in  oxyhaemoglobin, 
though  the  relative  quantities  are  the  same.  The  close  association 
reduces  the  value  of  the  haemoglobin  in  this  form  for  purposes  of 
oxygenation.     The  spectrum  of  this  compound  is  the  same  as  that  of 
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litematin  in  acid  solution.  In  acid  or  neutral  solution  it  is  dis- 
tinguislied  by  four  absorbent  bands,  tlie  most  distinct  being  between 
C  and  D,  two  others  between  D  and  E,  eacli  of  tliem  lying  in  im- 
mediate relation  witli  the  lines,  and  the  fourth  between  b  and  F,  near 
to  F,  Methsemoglobin  may  be  distinguished  from  heematin  by  the 
careful  addition  of  sulphide  of  ammonium,  which  causes  a  conversion 
into  oxy haemoglobin  and  then  to  reduced  haemoglobin,  while  the 
hsematin  in  acid  solution  after  treatment  witli  sulphide  of  ammonium 
shows  the  spectrum  of  reduced  hasmatin  marked  by  two  lines  between 
T>  and  E,  the  latter  of  the  two  crossing  E  almost  as  far  as  h. 


A   a    B  C             D               E 

T                          G 

1 

1 
1 

\ 

2 

-m^-"- 

3 

1 

Lv-r-;', 

! 

4 

mi. 

1 

5 

-■ 

6 

1  1 

W': 

1 

Fig.  37.— Spectra  of  the  Blood  (after  Xeumeister).  1,  Oxyhgemogrlobin:  2,  reduced  hemoglobin; 
3,  methasmoglnbin  Id  acid  or  nt-utral  solution;  4,  hematin  m  alkaUne  solution;  5,  haematopor 
phyrin  in  acid  Sulutiou ;  6,  hsematoporphyrin  in  alkaline  solution. 

Hsematoporphyrin  shows  a  small  absorption  band  between  C  and 
D,  near  to  D,  and  especially  a  dark  band  between  D  and  E,  near  to 
D.  In  alkaline  solution  four  bands  are  seen:  one  between  C  and  D, 
near  D ;  two  between  D  and  E,  each  near  these  lines ;  and  a  fourth, 
broad  and  very  dark,  between  h  and  F. 

Certain  other  combinations,  such  as  CO-hsemoglobin,  may  be  recog- 
nized by  the  spectral  bands.  CO-hsemoglobin  is  distinguished  by  two 
bands  resembling  those  of  oxy haemoglobin,  though  they  are  displaced 
somewhat  farther  to  the  right,  and  the  addition  of  sulphide  of  ammo- 
nium does  not  effect  a  reduction  to  reduced  haemoglobin  as  is  the  case 
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with  oxyhfemoglpbin.  The  combinations  with  cyanogen  and  suli)hn- 
retted  hj^drogeu  are  unimportant. 

In  the  spectroscopic  examination  of  tlio  blood  or  of  liquids  con- 
taining blood  the  small  spectroscope  of  Browning  may  be  employed 
with  advantage,  but  for  careful  examinations  larger  instruments  are 
needed.  Daylight  or  lamplight  may  be  used,  and  after  the  spectrum 
has  been  adjusted  a  small  amount  of  the  liquid  for  examination  is 
placed  in  a  glass  vessel  having  parallel  walls  and  held  between  the 
light  and  the  linear  aperture  in  the  front  of  the  spectroscope. 

When  blood  is  to  be  examined  it  should  be  diluted  with  distilled 
water  and  examined  at  once.  When  serum  or  plasma  is  to  be  exam- 
ined the  blood  should  be  drawn  with  the  greatest  care  and  i)laced 
ui^on  ice  or  in  the  refrigerator  until  the  corpuscles  have  precipitated. 
The  plasma  is  then  carefully  pipetted  and  examined  as  such  or  first 
diluted.  The  various  reducing  agents  may  be  applied  to  distinguish 
forms  having  similar  appearances  in  the  spectroscopic  examination. 

Henocque  has  very  ingeniously  applied  the  method  of  spectro- 
scopy in  clinical  examinations.  Using  his  instrument  in  which  a 
layer  of  blood  of  gradually  increasing  thickness  is  prepared,  he  ex- 
amines with  a  spectroscope  to  determine  at  what  point  the  oxyhsB- 
moglobin  bands  are  plainly  visible.  The  thicker  the  layer  of  blood 
the  less  hsemoglobin  is  indicated,  alid  the  percentage  proportion  is 
readily  calculated.  This  method,  however,  has  no  advantages  over 
the  simpler  methods  of  Fleischl  and  Gowers. 

Henocc[ue  has  further  de'sdsed  a  method  for  estimating  the  rapid- 
ity of  the  reduction  of  oxyhsemoglobin  to  reduced  haemoglobin  in  the 
living  body.  The  spectroscope  is  applied  to  a  transparent  part,  such 
as  the  lobe  of  the  ear  or  the  end  of  a  finger,  and  the  circulation 
stopped  by  pressure  or  by  a  ligature.  The  rapidity  with  which  the 
spectrum  of  oxy haemoglobin  disappears  and  that  of  reduced  haemo- 
globin is  develoi)ed  may  be  readily  determined.  In  health  it  usually 
requires  about  seventy  seconds ;  in  severe  anaemia  thirty  seconds  may 
suffice. 

Ilethods  of  Determining  the  Specific  Gravity  of  the  Blood. 

Method  of  Hammerschlag .  — A  series  of  mixtures  of  chloroform  and 
benzol  is  prepared  in  such  manner  that  the  specific  gravity  increases 
from  about  1.035  to  1.060.  A  drop  of  blood  is  brought  into  each 
mixture,  and  the  one  noted  in  which  the  drop  neither  sinks  nor  rises. 
This  mixture  has  the  same  specific  gravity  as  the  blood.  The  oj)er- 
ation  is  facilitated  by  using  a  fine  capillary  tube  bent  at  a  right  anrle 
at  one  end.  The  drop  of  blood  is  expelled  from  this  in  the  middle 
part  of  the  mixture  contained  in  a  tall  vessel. 
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The  metliods  of  Eoy  and  Fane  depend  upon  the  same  principle, 
but  other  mixtures  are  employed.  All  of  these  methods  are  liable  to 
errors,  but  for  clinical  purposes  are  perhaps  sufficiently  accurate  and 
to  be  recommended  on  account  of  their  simplicity. 

Method  of  Schmalz. — This  is  by  far  the  most  accurate  method, 
though  it  requires  accurate  chemical  balances.  A  small  capillary 
tube  or  cylinder  (pyknometer)  of  known  weight,  having  thin  walls,  is 
filled  with  blood  and  carefullj^  weighed.  The  weight  of  blood  is  ob- 
tained by  subtraction,  while  that  of  the  same  amount  of  water  be- 
ing known  from  previous  estimation,  the  specific  gravity  is  obtained 
by  dividing  the  weight  of  blood  by  the  weight  of  water.  The  same 
method  is  applicable  in  the  estimation  of  the  gravity  of  the  serum 
or  plasma. 

A  very  convenient  form  of  pyknometer  is  one  made  of  cylindri- 
cal shape  and  closed  by  a  glass  stopper  through  the  long  axis  of 
which  a  capillary  tube  is  hollowed  out.  The  pyknometer  is  filled 
with  blood,  the  stopper  pressed  in  firmly,  and  the  excess  of  blood 
which  has  escaped  through  the  capillary  tube  or  around  the  sides  of 
the  stopper  carefully  wiped  away. 

Determination  of  the  Rapidity  of  Coagulation. 

A.  E.  Wright  has  devised  a  simple  and  useful  method.  A  leather 
vessel  surrounded  by  small  pouches  is  prepared  so  that  warm  water 
may  be  used  in  the  reservoir  to  keep  the  blood  placed  in  the  pouches 
at  an  even  temperature  of  18.5°  or  37°  C.  The  blood  is  drawn  into 
small  glass  capillary  tubes  so  that  a  column  about  5  cm.  long  is 
formed.  This  is  drawn  up  so  that  the  end  of  the  capillary  tube  is 
free.  Several  such  tubes  being  prepared  and  placed  in  the  pouches 
of  the  reservoir,  tests  may  be  made  at  regular  intervals  of  a  half  or 
one  minute  to  determine  the  time  at  which  the  blood  cannot  be  blown 
from  the  tube.  The  time  of  preparation  having  been  noted  for  each 
tube,  the  rapidity  of  coagulation  is  readily  determined  from  the  time 
at  which  the  first  coagulation  is  observed. 

Methods  of  Determining  the  Alkalinity  of  the  Blood. 

The  alkalimetric  metliods  have  as  their  object  the  determination  of 
the  alkaline  constituent  of  the  blood.  The  objections  to  these 
methods  have  been  referred  to  in  the  consideration  of  the  chemistry 
of  the  blood. 

Landois'  Method. — This  method  consists  in  the  neutralization  of 
the  blood  with  solutions  of  tartaric  acid.  Ten  solutions  of  weak  tar- 
taric acid  and  neutral  sulphate  of  sodium  are  prepared  in  such  man- 
ner that  the  quantity  of  acetic  acid  increases,  and  that  of  sodium  sul- 
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phate  decreases,  from  one  to  ten.  A  capillary  pipette  is  prepared  so 
that  the  diluting  and  neutralizing  fluid  may  be  drawn  to  a  certain 
mark,  and  then  an  equal  quantity  of  blood  when  the  whole  column  of 
li(iuid  has  reached  a  second  mark.  The  mixture  is  then  expelled 
into  a  watch  glass  and  carefully  tested  with  litmus  pai)er  to  note  the 
mixture  with  which  the  first  evidence  of  acidity  is  noted.  A  table 
constructed  for  this  test  gives  the  percentage  of  NaHO  corresponding 
to  each  mixture. 

SchuJf7:-SJ(ultzeustei)is  method  is  useful  clinically,  princii)ally  on 
account  of  the  small  amounts  of  blood  required.  A  small  tube  con- 
taining a  definite  quantity  of  blood  (7.5  mgm.)  is  filled  by  capillarity, 
then  dikited  to  12c.c.  with  absolutely  neutral  water ;  1.5  c.c.  of  a  y^ 
normal  sulphuric-acid  solution  is  then  added,  an  ethereal  solution  of 
ery  throsin  being  used  as  an  indicator.  The  mixture  is  titrated  with 
■j^J-^  normal  potassium  hydrate  solution  and  the  point  is  noted  when 
the  indicator  shows  the  first  change  to  red.  The  amount  of  alkalinity 
is  readily  determined  by  the  amount  of  potassium  hj-drate  solution 
required  less  than  that  which  would  be  necessary  for  the 'unaltered 
acid  first  used. 

V.  Limbeck's  metJiod  is  the  most  scientific,  but  too  cumbersome  for 
ordinary  clinical  work.  It  may  be  applied  to  the  blood  as  a  whole 
or  to  the  serum.  About  200  c.c.  of  distilled  water  are  heated  to  the 
boiling  point  and  5  c.c.  (for  serum  )or  10  c.c.  (for  total  blood)  of  -^V 
HCl  added.  The  serum  or  blood  is  then  carefully  added  drop  by 
drop  with  a  stirring  rod  until  5  c.c.  are  added.  Titration  with  1:10 
NaHO  is  then  practised  until  a  heavy  flocculent  precipitate  is  formed. 
There  is  from  the  first  slight  opalescence;  the  precipitate  appears 
suddenly  and  does  not  disappear  on  agitation.  The  alkalinity  is 
readily  calculated  from  the  amount  of  NaHO  used. 

Methods  of  Determining  the  Isotonic  Relations  of  the  Corpuscles 

and  Plasma. 

Isotonicity  of  the  Corpuscles. — Into  a  number  of  test  glasses  are 
placed  10  or  20  c.c.  of  solutions  of  NaCl  varying  in  strength  from  0.3 
to  0.6  per  cent.,  and  each  succeeding  solution  being  0.02  per  cent, 
more  concentrated  than  the  next  preceding  one.  About  0.5  c.c.  of 
blood  is  added  to  each  glass  and  the  mixture  of  the  fluids  secured 
by  gentle  agitation.  The  glasses  are  placed  aside  and  after  twenty- 
four  hours  are  examined  to  determine  in  which  solution  the  first  evi- 
dence of  dissolution  of  the  red  corpuscles  with  solution  of  the  haemo- 
globin in  the  saline  fluid  makes  its  appearance.  The  solution  next 
to  this  is  the  isotonic  solution,  and  the  isotonicity  of  the  red  cor- 
puscles is  expressed  in  terms  of  NaCl,  the  strength  of  the  isotonic 
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solution  being  thus  indicated.  In  normal  conditions  the  isotonic 
strength  for  human  red  corpuscles  is  about  0.46  per  cent. 

In  my  own  experiments  with  this  method  I  have  used  smaller 
quantities  of  blood.  I  first  prepare  small  cylindrical  tubes  with  one 
end  closed  and  rounded,  by  drawing  out  glass  tubing  and  sealing  one 
end.  These  are  about  4  cm.  long  and  7  mm.  in  diameter.  The  blood 
is  drawn  from  the  punctured  finger  to  the  0.5  mark  of  a  Zeiss  leuco- 
cytometer  pipette,  and  the  diluting  fluid  to  the  11  mark.  The  mixture 
is  quickly  expelled  into  the  small  tubes.  A  number  of  mixtures  are 
thus  prepared  with  saline  solution  varying  in  strength  from  0.4  to 
0.6  per  cent.  Instead  of  setting  these  aside  for  gradual  sedimenta- 
tion I  place  them  in  a  centrifugal  apparatus  after  a  few  minutes,  and 
the  whole  examination  is  completed  in  fifteen  or  twenty  minutes. 

Hypertonicity  of  the  Plasma. — Serum,  plasma,  or  other  liquids, 
the  hypertonicity  of  which  is  to  be  determined,  are  diluted  with  defi- 
nite quantities  of  water  and  placed  in  small  test  glasses.  The  quan- 
tity should  be  about  10  c.c,  and  the  dilutions  should  be  gradually 
increased  from  the  beginning  to  the  end  of  the  series.  A  drop  of 
blood  is  placed  in  each  glass  and  well  mixed  with  the  liquid.  After 
twelve  or  twenty-four  hours  the  solution  which  is  exactly  isotonic  is 
determined  as  in  the  NaCl  method  described  above,  and  the  isotoni- 
city  of  the  blood  corpuscles  of  the  blood  used  being  known  or  deter- 
mined at  the  same  time,  the  hypertonicity  of  the  plasma  is  easily 
calculated  by  the  formula — 

Hypertonicity  =  o-j-5  X  c, 
a 

a  being  the  quantity  of  plasma  used,  h  being  the  amount  of  water 
added,  and  c  the  isotonicity  of  the  blood  corpuscles  of  the  blood  used 
in  the  test.  For  example,  if  5  parts  of  plasma  and  4  of  water 
are  used  and  the  isotonicity  of  the  corpuscles  is  0.45,  the  hyper- 
tonicity is — 

5_j-4  X  0.45  =  0.81  per  cent. 

5 

Determination  of  the  "  Resistance"  of  Red  Corpuscles. 

Lakers  has  devised  a  method  of  studying  the  resistance  to  electri- 
cal influences,  while  Maragliano  has  determined  the  effect  of  thermic 
and  other  influences.  These  methods,  however,  are  of  little  practical 
value. 

Histological  Examination  of  the  Blood. 

The  blood  may  be  examined  in  its  fresh  state  or  it  may  be  fixed 
upon  glass  slides  or  cover-glasses  and  subsequently  stained. 

The  Fresh  Blood.— The  cover-glasses  and  slides  used  in  the  exam- 
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inatiou  should  always  be  cleaued  with  the  niost'scruijulous  care.  The 
fresh  glasses  may  be  cleansed  with  solutions  of  bichromate  of  potas- 
sium and  sulphuric  acid,  and  later  with  nitric  acid  and  alcohol.  A 
cover-glass  properly  cleaued  is  held  with  forceps  and  is  brought  into 
contact  with  the  top  of  a  drop  as  it  appears  upon  the  skin,  the  first  few 
drops  escai)ing  from  a  puncture  always  being  discarded.  The  cover- 
glass  is  then  quickh^  laid  upon  the  slide,  when  the  blood  will  spread 
into  a  thin  layer  by  the  weight  of  the  cover-glass  alone.  When  a 
prolonged  examination  is  desired  or  necessary,  the  edge  of  the  cover- 
glass  should  be  surrounded  by  vaseline  or  some  other  oily  substance 
to  prevent  evaporation.  The  examination  is  made  first  with  a  low 
power  and  then  with  the  oil  immersion  lens.  The  appearance  of  the 
corjDuscles,  their  general  shape  and  size,  and  the  formation  of  rou- 
leaux will  in  a  general  way  give  evidence  of  the  condition  of  the 
blood.  Some  opinion  may  also  be  formed  of  the  coagulability  by 
the  fibrin  network  passing  between  the  corpuscles.  Malarial  organ- 
isms, filaria,  and  other  parasites  are  easily  detected  after  a  little  ex- 
perience. When  the  amoeboid  movements  of  the  corpuscles  are  to  be 
determined  the  slide  should  be  x^laced  upon  a  warming  stage  and  kept 
at  an  even  temperature,  but  for  ordinary  purposes  this  is  unnecessary. 

Examination  of  the  Fixed  Blood. — These  methods  of  blood  exami- 
nation are  largely  the  result  of  the  investigations  of  Ehrlich  and  his 
pupils.  The  examinations  comprise  (1)  the  proper  spreading  of  the 
blood  upon  cover-glasses  or  glass  slides ;   (2)  fixing ;   (3)  staining. 

Preparation  of  the  Blood. — The  cover-glasses  must  be  absolutely 
clean  and  should  be  held  with  forceps  rather  than  with  the  fingers. 
The  top  of  a  drop  of  blood  as  it  emerges  from  the  punctured  skin  is 
touched  with  the  cover-glass  and  this  is  quickly  placed  upon  another 
cover-glass  so  that  the  blood  spreads  into  a  thin  film.  With  the  aid 
of  a  second  jmir  of  forceps  the  two  cover-glasses  are  then  drawn  apart 
as  in  the  preparation  of  sputum  for  microscopic  examination.  The 
same  result  may  be  accomplished  by  using  glass  slides  with  accurately 
groimd  edges.  The  edge  of  one  of  the  slides  is  drawn  across  the  top 
of  a  drop  of  blood  and  this  edge  is  then  applied  to  the  second  slide  and 
rapidly  carried  over  its  surface,  leaving  a  thinly  spread  film  of  blood. 
The  cover-glass  method,  however,  is  in  general  more  satisfactory. 
After  the  blood  has  been  spread  the  glasses  are  allowed  to  dry  in  air 
and  should  ordinarily  be  left  for  at  least  an  hour  before  further  exam- 
ination is  attempted.  For  rapid  clinical  work,  however,  the  blood 
may  be  at  once  fixed.  Specimens  thus  prepared  and  di'ied  in  air  may 
be  preserved  without  further  preparation  for  great  lengths  of  time. 

Fixing. — The  blood  must  be  fixed  before  any  attempt  is  made  to 
stain  the  specimen,  as  the  solutions  used  for  the  latter  purpose  fre- 
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quently  dissolve  tlie   lisemoglobin  from  the  corpuscles  or  wasli  tlie 
blood  from  tlie  slide. 

For  tlie  finer  examinations  accurate  fixation  is  necessary  to  demon- 
strate tlie  detail  of  structure  of  tlie  corpuscles,  particularly  that  of 
tlie  leucocytes.  Among  the  methods  advocated  the  most  useful  are 
fixation  by  heat  and  by  mixtures  of  absolute  alcohol  and  ether. 
Heating  may  be  accomplished  by  placing  the  cover-glasses  accord- 
ing to  Ehrlich's  method  upon  a  brass  plate  heated  at  one  end  with  a 
Bunsen  flame.  A  brass  plate  about  eighteen  inches  long,  five  inches 
wide,  and  an  eighth  of  an  inch  in  thickness  is  admirably  adapted  to 
this  purpose.  The  point  at  which  the  cover-glasses  should  be 
placed  is  determined  after  the  Bunsen  flame  has  heated  the  plate  to  a 
more  or  less  fixed  point.  Drops  of  water  are  then  placed  upon  the 
plate  with  a  pipette,  and  the  point  noted  at  which  the  water  does 
not  assume  the  spheroidal  state  but  rapidly  evaporates.  The  tem- 
perature at  this  point  is  about  110°  to  130°  F.,  and  the  cover-glasses 
properly  dried  in  air  should  be  arranged  along  this  line  or  slightly 
farther  from  the  flame  and  heated  for  a  half-hour  or  several  hours. 
The  plate  should  always  be  placed  in  a  hood  or  other  place  free  of 
draughts.  More  accurate  heating,  however,  may  be  secured  by  plac- 
ing the  cover-glasses  in  a  hot-air  oven  and  maintaining  the  tempera- 
ture at  about  120°  C.  Nikiforoff  advises  the  use  of  equal  parts  of 
absolute  alcohol  and  ether,  and  for  ordinary  clinical  purposes  this  is 
the  most  useful  method.  The  preparation  should  be  allowed  to  re- 
main in  the  mixture  for  fifteen  or  twenty  minutes,  but  for  rapid  work 
from  three  to  five  minutes  will  suffice.  Solutions  of  bichloride  of  mer- 
cury, of  picric  acid,  and  other  reagents  may  be  used  for  the  demonstra- 
tion of  karyokinesis  or  for  other  special  purposes. 

The  staining  methods  of  Ehrlich  depend  primarily  upon  certain 
facts  regarding  the  nature  and  action  of  the  aniline  dye-stuffs.  These 
may  be  divided  into  two  primary  groups,  the  acid  and  the  basic.  The 
former  group  includes  those  in  which  the  acidulous  part  of  the  com- 
pound is  the  active  staining  .agent,  as  picric  acid  in  picrate  of  ammo- 
nium; the  latter,  those  in  which  the  base  of  the  compound  is  the 
staining  element,  as  in  acetate  of  rosanilin  or  fuchsin.  Subdivisions 
of  these  groups  have  been  distinguished  and  the  individual  stains 
differ  in  the  intensity  with  which  they  stain  certain  cellular  elements 
and  their  affinity  for  the  same.  A  certain  cellular  constituent  may  have 
as  great  an  affinity  for  certain  stains  as  for  others,  while  the  intensity 
of  the  stain  may  vary  greatly;  and  the  reverse.  Mixtures  of  acid 
and  basic  stains  may  be  j^repared  in  such  manner  that  a  neutral  stain 
results,  and  cellular  elements  may  be  distinguished  by  their  special 
affinity  for  such  combinations. 
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Oxyphilic  Mixtures. — Of  the  acid  stains  eosin  ranks  as  the  most 
important.  A  simple  solution  of  eosin  in  sixty-per-cent.  alcohol  acts 
very  well  for  ordinary  purposes. 

Eosin 1.0 

Alcohol,  sixty  per  cciil., 100.0 

The  oxyphilic  or  eosinophilic  granules  are  stained  intensely  red 
or  pink  with  this  solution.  The  red  corpuscles  are  stained  less  in- 
tensely red. 

Contrast  staining  of  the  nuclei  of  the  white  corpuscles  may  be 
obtained  by  staining  the  specimen  with  Delafield's  hsematoxj'lon  after 
the}'  have  been  treated  a  few  minutes  with  the  eosin  mixture.  The 
hfematoxylon  solution  acts  rapidly,  staining  intensely  in  a  minute  or 
less.     The  specimen  is  then  washed,  dried,  and  mounted. 

A  combination  of  eosin  and  hsematoxylon  has  been  suggested  by 
GoUasch : 

Eosin  crystals, 0. 5 

Haematoxylon,        .         .         .         .         .  .         .2.0 

•  Glycerin, 
Distilled  water, 

Absolute  alcohol, ■   .      aa  100.0 

Glacial  acetic  acid,          .         .         .         .  .        .10.0 

Alum, slight  excess. 

The  solution  must  be  allowed  to  stand  in  a  light  place  for  several 
weeks.  Only  the  oxyphilic  granules  are  stained  by  the  foregoing 
methods. 

Combinations  of  eosin  and  method  blue  m.&Y  be  used  to  demon- 
strate the  basophilic  granules,  and  the  same  mixtures  are  also  admir- 
able for  the  manner  in  which  they  show  the  simple  morphology  of 
the  leucocytes. 

The  specimen  of  blood  may  be  first  stained  with  the  weak  alco- 
holic eosin  solution,  washed  in  water,  and  then  treated  for  a  short 
time  with  a  saturated  solution  of  methyl  blue  diluted  somewhat  at 
the  time  of  using.  The  methyl  blue  must  not  be  allowed  to  act  above 
a  half  minute  or  a  minute,  as  there  is  a  tendency  to  overstain.  The 
same  result  is  obtained  by  combinations  like  the  following : 

Chenzixsky's  Solution. 

Saturated  aqueous  solution  of  methyl  blue 40  parts. 

Eosin  solution,  one-half  per  cent,  in  seventy-per-cent.  alcohol.      .  20     " 
Glycerin, 40      " 

Klein's  Solution. 

Methyl  blue, 3.0 

Distilled  water, 100.0 
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Dissolve  and  add 

Alcohol. 5.0 

Eosin  (soluble  in  water) , 0.5 

TMs  last  solution  is  to  be  well  stoppered  and  placed  in  an  oven 
at  body  heat  for  several  hours.  A  few  drops  of  alcohol  should  be 
added  from  time  to  time. 

Cai^ton's  Soldtion. 

Methyl  blue,  saturated  aqueous  solution, 40  parts. 

Eosin,  one-half  or  one-quarter  per  cent,  in  seventy-per-cent.  alcohol,     20    "     • 
Distilled  water, 40      " 

The  specimen  is  stained  from  three  to  sis  or  more  hours  in  an  oven 
kept  at  a  temperature  of  37°  C.  All  of  these  mixtures  show  the  oxy- 
philic as  well  as  the  basophilic  granules  very  distinctly. 

Solutions  of  eosin  in  glycerin  give  more  beautiful  results  than  the 
aqueous  solutions,  though  they  are  far  less  generally  useful  and  are 
more  troublesome.  A  saturated  solution  of  eosin  in  glycerin,  or, 
better,  in  five-per-cent.  carbol-glycerin  may  be  used,  or  the  following 
preparation  of  Huber  may  be  employed : 

Aurantia, 

Indulin, 

Eosin,  .         .        .        .         .         .         .         .     aa    2 

Glycerin,        .        . 30 

Solution  is  effected  by  prolonged  shaking  or  stirring,  and  the  glyce- 
rin should  be  moderately  warmed.  The  red  corpuscles  are  stained 
orange  by  the  aurantia,  the  nuclei  purple  by  the  indolin,  and  the 
oxyphilic  granules  red  by  the  eosin.  The  best  results  are  obtained 
when  the  blood  is  fixed  by  prolonged  heating. 

Basopliilic  Mixtures. — The  methyl-blue  solutions  already  named 
are  useful.     In  addition  solutions  of  dahlia  are  advantageous. 

Ehrlich's  Formula. 

Dahlia,  saturated  alcoholic  solution,    .•        .         .         .50 

Glacial  acetic  acid, 10  to  20 

Distilled  water, 100 

The  best  results  are  obtained  by  following  Miiller's  method.  The 
preparation  is  heated  for  several  hours,  then  further  fixed  in  absolute 
alcohol  for  several  days  (this  is  not  entirely  necessary) ,  stained  with 
dahlia  several  hours,  washed  in  water  a  long  time,  in  alcohol  a  con- 
siderable length  of  time,  dried,  and  mounted. 

NeutropMlic  Mixtures. — Ehrlich  first  recommended  the  following: 

Saturated  aqueous  solution  orange  G,       .         .         .         .         .  125 
Saturated  solution  acid  fuchsin  in  twenty-per-cent.  alcohol,    .  125 
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Add  with  constant  agitation : 

Saturated  aqueous  solution  methyl  green,  ....  125 

Absolute  alcohol,       ......,,.     75 

More  recently  Ebrlich  has  altered  the  formula  as  follows : 

Saturated  aqueous  solution  orange  G,        .         .  120  to  135 
Saturated  aqueous  solution  acid  f  uchsin,  .     80  to  165 

Saturated  aqueous  solution  methyl  green,         .         .     125 

Add 

Water 300 

Absolute  alcohol, 200 

Glycerin, 100 

These  mixtures  stain  the  red  corpuscles  orange,  the  nuclei  bluish- 
green,  the  eosinophile  granules  red  (acid  f uchsin),  the  neutrophilic 
granules  purple,  and  the  basophilic  granules  green.  Heated  speci- 
mens or  those  fixed  by  placing  them  in  absolute  alcohol  and  ether 
for  a  considerable  length  of  time  (twelve  hours)  give  the  best  results. 

Various  modifications  of  these  mixtures  have  been  suggested,  but 
individual  experience  must  govern  such  alterations.  In  my  own  work 
I  have,  as  a  rule,  found  larger  quantities  of  methyl  green  necessary. 
Simpler  combinations,  such  as  methyl  green  and  acid  fuchsin,  stain 
the  neutrophile  granules  very  well,  but  the  triacid  mixture  gives 
more  pleasing  results. 

Demonstration  of  KaryoMnesis. — Miiller's  method  is  perhaps  the 
most  satisfactory.  The  heated  specimen  is  placed  in  concentrated 
aqueous  solution  of  picric  acid  for  twenty-four  hours,  washed  in  run- 
ning water  for  several  hours,  and  then  stained  for  tu^elve  or  twenty- 
four  hours  in  very  dilute  heematoxylon  solution  (Delafield's)  or  for  a 
short  time  in  undiluted  borax  or  ammonium  carmine.  If  the  hsema- 
toxylon  specimens  are  overstained  they  should  be  treated  hastily 
with  one-half  or  one-per-cent.  HCl  in  weak  alcohol. 

Demonstration  of  Corpuscular  Degenerations. — The  mixtures  of 
eosin  and  hgematoxylon  or  methyl  blue  already  referred  to  are  suffi- 
cient to  demonstrate  the  condition  of  the  red  corpuscles  known  as 
pohjcJiromatophilia.  The  nature  of  this  condition  is  discussed  in 
another  place;  for  the  present  it  suffices  to  say  that  the  normal  red 
corpuscle  fixed  by  heat  or  chemical  agents  is  monochromatophilic, 
taking  but  one  color  (acid)  from  a  mixture.  With  progressive  de- 
generative changes  there  is  a  tendency  towards  basic  affinity,  and  in 
certain  conditions  the  corpuscles  take  a  mixture  of  stains.  Thus 
with  methyl  blue  and  eosin  the  normal  erythrocyte  stains  bright  red; 
the  abnormal,  purplish, 

Foa  has  described  certain  granular  degenerations  of  the  red  cor- 
VoL.  YIL— 19 
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puscles  which  are  demonstrated  in  the  following  way :  The  blood  is 
spread  quickly  upon  cover-glasses,  dried  in  air,  and  fixed  b}^  drawing 
the  glass  through  a  Bunsen  flame  three  times.  The  specimen  is  then 
stained  with  concentrated  alcoholic  solution  of  methyl  blue,  washed, 
dried,  cleared  in  clove  oil,  and  mounted  in  xylol  balsam. 

Neusser  has  recently  described  certain  perinuclear  basophilic 
granulations  in  the  white  corpuscles  as  evidences  of  nuclear  disinte- 
gration. These  are  demonstrated  by  preparing  the  blood  upon 
cover-glasses  and  staining  with  the  following,  a  slightly  modified 
Ehrlich's  triacid  mixture : 

Saturated  aqueous  solution  of  acid  fuchsin,  .  .  50 
Saturated  aqueous  solution  of  orange  G,  .  .  .70 
Saturated  aqueous  solution  of  methyl  green,       .         .     80 

Distilled  water, 150 

Absolute  alcohol,  .         .         .         .         .         .         .     80 

Glycerin 20 

Glycogen  may  be  demonstrated  in  the  white  corpuscles  by  stain- 
ing with  iodine  after  the  method  of  Gabritchewski.  The  specimen 
dried  in  air  is  treated  with — 

Iodine, 1 

Potassium  iodide, 3 

Distilled  -water,    .         .       ■ 100 

Gum  arable, excess. 

After  the  specimen  has  been  stained  a  few  minutes  it  is  examined. 
The  cells  containing  glycogen  present  a  mahogany-red  color. 

Demonstration,  of  Malarial  or  Other  Micro-organisms. — The  cover- 
glass  preparations  may  be  fixed  by  heat  or  Nikiforoff's  mixture. 
They  may  be  stained  with  any  of  the  eosin-methyl  blue  combina- 
tions.    Plehn  has  suggested  a  formula  containing  a  little  alkali. 

Saturated  aqueous  solution  methyl  blue,  .         .         .         .         .  60c.c. 

Eosin,  one-half -per-cent.  solution  in  seventy -five-per-cent.  alcohol,  20c.c. 

Distilled -water,  .         .         .         , 40  c.c. 

Potassium  hydrate  (t-wenty-per-cent.  solution) ,       .         .         .         .12  gtt. 

This  stains  the  red  corpuscles  red,  the  malarial  organisms  blue.  I 
have  found  similar  stains  fairly  satisfactory  for  filaria.  Bacteria 
are  stained  by  the  well-known  methods  of  the  bacteriologists,  but 
many  forms  may  be  recognized  by  the  simple  blood  stains.  Canon's 
mixture,  referred  to  before,  was  specially  useful  in  this  author's 
work  on  influenza  bacilli. 
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Plethora. 

Plethora  was  the  term  applied  by  the  older  writers  to  conditions 
in  which  the  total  quantity  of  blood  Avas  supposed  to  be  excessive. 
This  view  rested  entirely  upon  clinical  observation  and  speculation. 
Experimental  evidence  of  recent  date  shows  that  it  is  not  jjossible  to 
produce  a  lasting  increase  in  the  total  amount  of  blood,  though  there 
are  still  certain  pathological  and  clinical  facts  which  seem  to  favor 
the  belief  that  transient  or  continuous  excess  of  blood  may  occur. 
The  older  writers  distinguished  several  forms  of  plethora. 

Plethora  vera,  or  true  polysemia,  was  the  term  applied  to  increase 
in  the  entire  quantity  of  blood  without  change  in  the  quality.  Such 
a  condition  was  supposed  to  occur  in  persons  living  in  luxury,  and 
particularly  those  indulging  in  a  generous  table.  Persons  of  this 
kind  are  still  spoken  of  as  full-blooded,  and  the  term  has  a  descriptive 
usefulness  in  designating  robust  individuals  with  high  color  and  vig- 
orous circulation.  The  redness  of  the  face  and  mucous  membranes, 
the  injection  of  superficial  blood  vessels,  the  large  frames  and  thick 
necks  of  such  individuals  are  characteristic.  Vigorous  pulsations  of 
the  vessels,  cardiac  palpitations,  dyspnoea,  and  a  tendency  to  bleed- 
ing from  the  nose  or  other  mucous  surfaces  are  among  the  oft- 
described  symptoms.  Very  often  this  condition  is  found  to  occur 
in  numbers  of  individuals  in  the  same  family. 

Plethora  apocoptica  or  plethora  ad  spatium,  on  the  contrary,  does 
not  represent  an  actual  increase  in  the  total  amount  of  blood  but 
rather  a  relative  excess  resulting  from  local  anaemias,  as  in  the  appli- 
cation of  an  Esmarch  bandage,  after  amputation  of  a  limb,  or  the  like. 

Plethora  hyclrcemica  seu  serosa  was  regarded  as  a  condition  in  which 
the  total  quantity  of  blood  is  increased  by  addition  of  water.  In  con- 
sequence the  blood  becomes  of  poorer  quality  though  increased  in 
quantity.  Such  a  condition  was  regarded  as  a  frequent  disorder  of 
the  blood  after  hemorrhages,  in  cachectic  conditions,  and  the  like. 

Other  forms  of  plethora  of  transient  character  were  described  but 
were  considered  to  be  of  comparatively^  little  imijortance.  The  unlike- 
lihood of  plethora  existing  as  a  permanent  condition  has  been  abun- 
dantly proved  hj  experimental  investigations.  The  subject,  however, 
is  still  exceedingly,  difficult  of  solution  on  account  of  the  unsatis- 
factory character  of  all  of  the  methods  of  determining  the  total 
quantity  of  blood.  In  experiments,  however,  in  which  large  quanti- 
ties of  liquid  have  been  administered  and  the  amount  of  water  sub- 
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sequently  eliminated  lias  been  determined  it  has  become  clear  that 
the  economy  soon  frees  itself  of  the  liquid  absorbed,  v.  Lesser  and 
Worm-Miiller  tried  to  produce  experimental  plethora  by  transfusion 
of  blood  into  healthy  animals.  These  experiments  showed  that 
while  there  was  a  temporary  increase  of  pressure  after  the  injections, 
the  intravascular  tension  soon  decreased  and  the  number  of  cor- 
puscles in  a  given  quantity  of  blood  increased,  showing  a  disappear- 
ance of  liquid  from  the  circulation.  Subsequently  the  number  of  cor- 
puscles decreased  and  the  normal  relations  were  soon  re-established. 
Worm-Miiller  held  that  half  of  the  blood  plasma  injected  leaves 
the  blood-vessels  within  a  very  few  hours,  and  the  polycythsemia  thus 
developed  is  also  of  short  duration.  Basing  his  views  upon  these 
experiments,  Cohnheim  denied  the  possibility  of  plethora,  and  many 
authorities  are  disposed  to  admit  this  view  without  question. 
Nevertheless  clinical  and  pathological  evidence  has  been  cited  by 
Oertel,  Bollinger,  and  others  to  prove  the  possibility  of  plethora  in 
the  original  sense.  The  most  important  point  in  favor  of  the  view  is 
the  cardiac  hypertrophy  and  dilated  condition  of  the  vessels  in  beer- 
drinkers,  but  this  does  not  warrant  immediate  deductions.  Beer- 
drinkers  doubtless  suffer  with  constantly  repeated  dilutions  of  the 
blood,  each  of  which  is  soon  counterbalanced  by  active  renal  func- 
tions, sweating,  and  the  like.  Each  attack  of  this  kind  taxes  the 
cardiac  power  and,  as  in  laborers,  miners,  etc. ,  cardiac  hypertrophy 
results  from  overwork.  There  is  therefore  no  certain  evidence  pre- 
sented by  this  observation  of  actual  plethora. 

As  for  the  symptoms  of  plethora  as  they  were  described,  it  is 
altogether  probable  that  these  are  manifestations  resulting  from  dis- 
turbance of  the  vasomotor  system  rather  than  from  increased  quanti- 
ties of  blood.  In  the  experiments  referred  to  no  symptoms  of  like 
character  occurred  even  during  the  period  immediately  following  the 
transfusion  of  blood,  though  the  quantity  of  blood  injected  amounted 
to  the  entire  bulk  of  the  animal's  blood.  Only  after  injection  of 
half  again  as  much  as  pre-existed  did  disturbances  and  death  of  the 
animal  result. 

The  less  important  forms,  plethora  hydrsemica  and  plethora  apo- 
coptica,  must  likewise  be  looked  upon  as  supposititious  rather  than 
real  conditions.  In  cachectic  conditions  and  after  hemorrhages  there 
is  certainly  no  evidence  to  warrant  the  assumption  that  the  blood 
mass  is  increased  above  the  normal  by  the  addition  of  water ;  and  in 
cases  of  increase  in  the  relative  quantity  of  blood  by  compression  of 
a  certain  vascular  area  the  elimination  of  water  doubtless  soon  de- 
creases the  amount  of  liquid  to  the  normal. 
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Oligemia. 

Oliga'mia,  or  a  decreased  quantity  of  blood,  occurs  after  hemor- 
rhage. There  is  little  evidence  to  show  that  a  lasting  form  of  true 
oligiT^mia,  in  which  the  quantity  of  blood  is  diminished  without  dis- 
turbance of  its  quality,  may  occur.  The  older  writers  distinguished 
such  a  condition  as  oligcemia  sicca  in  contradistinction  from  oligcemia 
serosa,  in  which  the  amount  of  blood  was  supposed  to  be  decreased  at 
the  same  time  that  the  quality  was  reduced.  It  seems  likely,  that  in 
some  of  the  forms  of  chronic  symptomatic  anaemia  there  may  be  a 
reduction  in  the  quantity  as  well  as  in  the  quality  of  the  blood. 
This  thought  is  suggested  in  many  cases  of  profound  cachexia,  as  in 
carcinoma,  but  methods  are  wanting  to  prove  the  truth  or  untruth 
of  the  assumption. 

The  oligsemia  following  hemorrhage  may  lead  to  death  when  the 
loss  of  blood  has  been  excessive.  The  loss  of  blood  which  may  be 
sustained  without  a  fatal  result  is,  however,  often  surprisingly  large. 
Finally  the  quantity  is  reduced  so  greatly  that  the  circulation  fails 
and  death  occurs  after  convulsions  or  coma.  When  smaller  quanti- 
ties of  blood  have  been  lost,  the  volume  is  soon  equalized  by  absorp- 
tion of  fluid  from  the  tissues.  This  leads  to  a  hydrgemic  condition, 
though  not  to  hydrsemic  plethora;  and  the  final  restoration  of  the 
quality  of  the  blood  occurs  more  or  less  slowly,  according  to  the 
amount  of  hemorrhage. 

Hydremia  and  Anhyde^mia. 

Experimental  and  clinical  evidence  shows  that  there  is  an  intimate 
relation  between  the  tissues  and  the  blood,  in  that  the  amount  of  the 
latter  is  quickly  regulated  by  the  addition  of  fluid  in  cases  in  which 
the  mass  of  the  blood  has  been  reduced,  and  an  abstraction  where 
excess  of  liquid  has  occurred  in  the  blood.  Thus  the  immediate 
effects  of  hemorrhage  (oligsemia  =  reduction  of  the  volume  of  the 
blood)  or  of  excessive  consumption  of  water  are  soon  obviated  and 
the  total  amount  of  circulating  blood  is  kept  within  quite  narrow 
limits.  Temporarily  the  blood  may  contain  a  relative  excess  (hy- 
drsemia)  or  diminution  (anhydrsemia)  of  the  watery  constituent. 

Hydrcemia  may  occur  directly  in  consequence  of  excessive  con- 
sumption of  water.  The  specific  gravity  of  the  blood  may  be  notably 
reduced,  but  the  excretion  of  liquid  soon  restores  the  condition  of  the 
blood.  A  hydrgemic  state  of  the  blood  may  be  due  to  vasomotor 
conditions  leading  to  dilatations  of  the  blood-vessels.     Thus  it  has 
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been  found  after  section  of  vasomotor  nerve  trunks  and  in  conse- 
quence of  vascular  dilatation  due  to  external  lieat,  tlie  administration 
of  nitrite  of  amjl,  and  similar  causes.  A  more  lasting  hydrsemic 
state  occurs  in  consequence  of  hemorrhage  in  wliicli  the  volume  of 
the  blood  is  restored  by  a  passage  of  liquids  from  the  tissues  into  the 
blood.  Gradually  the  processes  of  hsemogenesis  restore  the  normal 
relations. 

Anhydrcemia. — Loss  of  fluid  by  diarrhoea  or  excessive  sweating, 
may  occasion  considerable  inspissation  of  the  blood.  This  has  long 
been  recognized  in  cholera.  The  quantity  of  red  corpuscles  is  rela- 
tively increased,  the  number  sometimes  reaching  six  or  seven  millions 
per  cubic  millimetre.  The  specific  gravity  and  the  amount  of  solid 
residue  increase  in  accordance  with  the  degree  of  inspissation.  Ex- 
perimentally Czerny  and  others  have  shown  that  the  condition  of  the 
blood  may  be  profoundly  influenced  by  excessive  sweating.  The 
absolute  quantity  of  blood  is  greatly  reduced  in  these  experiments, 
but  the  relative  amount  in  comparison  with  the  body  weight  does  not 
alter  materially,  showing  again  the  close  relation  of  the  total  liquid 
of  the  tissues  and  that  of  the  blood.  Vasomotor  influences  exercise 
a  similar  effect.  Thus  cold  baths  may  occasion  a  rapid  though  tran- 
sient inspissation  of  the  blood,  partly  no  doubt  the  result  of  contrac- 
tion of  the  vessels  and  expression  of  liquid.  Injections  of  tuberculin 
and  other  substances  have  a  like  effect,  causing  a  decrease  of  the 
water  in  the  blood,  as  do  the  so-called  lymphagogues  of  Heidenhain. 

The  clinical  results  of  anhydrsemia  are  still  somewhat  question- 
able. The  older  writers  assumed  that  many  of  the  symptoms  in  the 
algid  stage  of  cholera  are  directly  due  to  inspissation  of  the  blood, 
the  circulation  failing  on  account  of  the  mechanical  difficulties  offered 
by  the  thickened  blood.  The  experiments  of  Czerny,  however,  would 
seem  to  indicate  that  the  narcosis  and  other  manifestations  observed 
in  cases  of  maximum  anhydrsemia  are  rather  the  consequence  of 
chemical  changes  and  intoxication  of  the  central  nervous  system. 

Coagulation. 

Blood  after  its  removal  from  the  bod}^  tends  to  undergo  a  process 
of  solidification — coagulation  or  clotting.  This  process  consists  in 
the  formation  of  a  solid  portion  (clot)  which  afterwards  contracts  and 
expels  a  light-colored  fluid — the  serum.  The  clot  when  it  is  first 
formed  is  bright  red  in  color  and  consists  of  a  mass  of  fibrin,  usually 
in  the  form  of  a  fibrillar  network,  entangling  the  red  blood  corpuscles. 
Later  when  contraction  has  occurred,  the  color  becomes  darker  from 
condensation.     Occasionally  the  upper  layer  of  a  clot  is  very  light  in 
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color.  This  has  been  termed  the  "  butfy  coat,"  or  from  its  occurrence 
in  blood  in  inflammatory  conditions,  the  "crusta  phlogistica. "  It  is 
dne  to  the  imusnall>-  rapid  subsidence  of  the  red  corpuscles  or  to  the 
retardation  of  coagulation  in  consequence  of  which  the  red  corpuscles 
Lave  time  to  sink.  The  same  phenomena  may  be  produced  by  de- 
laying the  coagulation  b}'  putting  the  blood  in  a  cool  place. 

Naf((re  of  Coagidafiou. — The  essential  feature  of  coagulation  is 
the  formation  of  fibrin.  This  is  a  light-colored  or  whitish  body, 
having  remarkable  elasticity  and  a  tendency*  to  form  threads  or  fibrils. 
In  a  thoroughly  dried  condition  it  is  granular.  It  is  insoluble  in 
Avater,  but  when  exposed  for  a  long  time  to  solutions  of  sodium 
chloride  or  when  acted  upon  by  proteolytic  ferments  it  dissolves,  with 
the  formation  of  two  globulins.  Subsequently  albumoses  and  pep- 
tone are  formed. 

The  study  of  the  physiological  or  chemical  processes  of  coagula- 
tion has  been  pursued  with  great  zeal  hj  a  long  list  of  investigators, 
but  it  is  to  Alexander  Schmidt  and  his  pupils  that  the  greatest  credit 
is  due  for  the  discovery  of  certain  essential  facts.  The  fii'st  of  these 
is  that  the  antecedent  of  fibrin  exists  only  in  the  blood  plasma.  The 
separation  of  the  fibrin  itself  takes  place  only  under  the  influence  of 
other  substances,  mainly  derived  from  destruction  of  cells — notably 
leucocytes.  This  view,  first  expressed  by  Montegazza,  is  now  quite 
generally  believed. 

If  blood  plasma  is  obtained  in  a  pure  state,  free  of  corpuscles,  by 
sedimentation  at  0°  C.  and  filtration,  this  does  not  coagulate  sponta- 
neously; at  least  it  remains  liquid  for  a  considerable  time.  The 
antecedents  of  fibrin  are,  however,  contained  in  it  and  coagulation  is 
rapidly  produced  by  the  addition  of  watery  extracts  of  leucocytes,  or 
of  various  other  cells,  including  red  corpuscles,  muscle  cells,  lymph- 
adenoid  cells,  etc.  The  same  result  follows  from  the  addition  of  cel- 
lular extracts  to  liquid  transudates  w^hich  are  not  themselves  spon- 
taneously coagulable.  The  substance  of  the  plasma  or  liquid 
transudates,  which  becomes  converted  into  fibrin,  is  an  albuminous 
body  known  as  fibrinogen.  This  substance  forms  fibrin  only  in  the 
presence  of  calcium  salts  and  of  s,  fibrin  ferment ;  but  other  substances 
(paraglobulin,  etc.)  supposed  by  some  to  be  essential,  are  in  no  sense 
necessary  to  the  process.  The  necessity  of  the  calcium  salts  is  shown 
by  the  absence  of  coagulation  in  liquids  in  which  the  addition  of 
soluble  oxalates  has  removed  the  calcium  salts  from  solution;  and  the 
absence  of  fibrin  formation  when  pure  fibrinogen  and  fibrin  ferment 
are  brought  together  in  the  absence  of  calcium.  Eecent  investi- 
gations (Lilienfeld  and  others)  show  that  fibrin  is  a  calcium  compound 
of  a  substance  occurring  in  the  plasma  and  known  as  fJirombosin.     In 
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the  separation  of  tlie  latter  the  fibrinogen  is  broken  up  and  the  cal- 
cium compound  of  thrombosin  or  fibrin  is  formed,  while  at  the  same 
time  another  albumin,  the  JibringlobuUn  is  produced. 

The  nature  of  the  fibrin  ferment  is  as  yet  a  matter  of  considerable 
difference  of  opinion.  Investigators  are,  however,  quite  unanimous 
in  regarding  the  white  blood  corpuscles  as  the  important  source  of  the 
ferment,  though  other  cells  may  furnish  a  part.  According  to 
Schmidt  the  leucocytes  contain  two  substances,  prothrombin  and  a 
zymoplastic  substance,  the  combination  of  which  occurs  when  the 
leucocytes  are  destroyed.  The  resulting  compound  is  the  fhrin 
ferment.   . 

Bccent  investigations  have  shown  that  fibrin  (in  the  presence  of 
calcium)  or  thrombosin  (in  the  absence  of  calcium)  may  be  formed 
from  fibrinogen  by  acids  of  various  kinds,  including  the  nucleinic 
acid  of  the  nucleohiston  (tissue  fibrinogen).  This  indicates  a  further 
source  of  substances  capable  of  promoting  coagulation,  but  this  ele- 
ment as  a  rule  is  unimportant. 

The  amount  of  fibrin  in  blood  clots  is  amazingly  small  in  com- 
parison with  the  size  of  the  coagulum.  It  rarely  exceeds  0.1  to  0.4 
per  cent,  of  the  total  weight  of  the  blood. 

The  rapidity  of  clotting  in  health  varies  somewhat  with  the  time 
at  which  it  is  determined,  the  activity  of  the  physiological  processes, 
etc. ,  but  the  variation  is  slight.  In  most  cases  the  period  elapsing  from 
the  time  the  blood  is  drawn  until  a  clot  is  formed  is  2.5  minutes  in 
normal  men,  according  to  "Wright ;  but  others  have  found  the  limits 
to  be  from  two  to  ten  or  twelve  minutes.  It  is  of  course  difficult  to 
establish  the  exact  time  when  the  coagulation  may  be  said  to  have 
begun  or  ended;  and  the  results  obtained  by  different  methods  are 
not  entirely  comparable. 

Clinical  Belations  of  Coagulation. — In  health  the  blood  shows  no 
tendency  to  coagulate  in  the  vessels,  and  the  capillary  blood  remains 
fluid  after  death.  Changes,  however,  in  the  blood  or  in  the  circula- 
tion lead  to  a  more  or  less  pronounced  tendency  to  clotting.  Any 
foreign  body  introduced  into  the  blood  current  furnishes  a  place  for 
the  leucocytes  to  attach  themselves  and  to  undergo  disintegration. 
Thrombosis  or  fibrin  formation  is  the  invariable  result.  The  same 
thing  is  observed  in  diseases  affecting  the  walls  of  the  blood-vessels, 
as  in  atheroma,  aneurysm,  arteritis,  endocarditis,  etc.  In  these  cases 
more  or  less  pronounced  thrombosis  is  usually  observed  and  is  the 
result  of  the  arrest  of  leucocytes  and  their  destruction.  The  fibrin 
formation  in  such  cases  is  analogous  to  that  which  occurs  in  case  of 
traumatic  injury  of  the  blood-vessels  (ligature).  Spontaneous  coagu- 
lation may  occur  when  hsemolytic  agents  cause  destruction  of  blood 
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corpuscles.  Experimeutally  this  is  found  in  various  intoxications, 
such  as  those  with  pyrogallic  acid,  chlorate  of  potassium,  etc.,  and  it 
is  found  in  certain  diseases  in  which  toxic  substances  circulate  in  the 
blood  (jaundice,  nephritis,  pernicious  anajmia).  In  the  infectious 
diseases  coagulability  varies.  At  times  the  rapidity  is  increased,  in 
other  cases  decreased,  and  the  amount  of  fibrin  factors  may  vary  in 
the  same  way.  In  hiemophilia  and  the  hemorrhagic  diseases  gener- 
ally and  in  leukaemia  the  coagulability  of  the  blood  would  seem  to  be 
decreased.  The  terms  hjperinosis  and  hjjyiriosis,  used  to  designate 
excess  and  diminution  of  fibrin  factors,  have  less  clinical  significance 
than  was  formerly  attributed  to  them. 

LlP^MIA. 

Fat  is  an  invariable  constituent  of  the  normal  blood,  but  is  present 
more  abundantly  at  certain  times  than  others.  It  is  particularly 
abundant  during  the  process  of  digestion  when  oil  droplets  may  be 
discovered  here  and  there  under  the  microscope.  The  nature  of  these 
is  recognized  by  their  high  refractive  power  and  by  the  black  color 
given  to  them  by  osmic  acid.  In  pathological  conditions  the  quantity 
of  fat  may  vary  from  the  physiological  amount  to  that  in  which  the 
field  of  the  microscope  is  literally  filled  with  small  or  large  droplets 
and  in  which  the  naked-eye  appearance  of  the  blood  is  very  markedly 
altered.  The  plasma  in  such  cases  may  become  opalescent  or  even 
quite  opaque  and  the  blood  itself  may  present  an  unusuallj"  light 
color,  while  the  fat  accumulates  upon  the  surface  on  standing. 
Among  the  conditions  in  which  lipsemia  has  been  met  with  are  pul- 
monary tuberculosis,  chronic  nephritis,  diabetes,  asphyxia,  and  cer- 
tain forms  of  intoxication,  notably  alcoholism.  The  explanation  has 
been  given  in  these  cases  that  the  accumulation  of  fat  is  due  to  arrest 
of  the  processes  of  oxidation,  but  this  explanation  is  not  applicable 
to  all  cases.  Doubtless  alteration  in  the  digestive  function  may  play 
a  part,  while  a  direct  entrance  of  fat  from  the  adipose  tissues,  as  in 
fat  embolism  is,  an  occasional  cause. 

Melan^mia. 

This  condition  is  characterized  by  the  appearance  of  dark  granular 
matter  in  the  blood  and  is  readily  distinguished  by  microscopic  ex- 
amination. It  does  not  constitute  an  independent  disease,  but  is  a 
symptomatic  condition,  occurring  in  certain  forms  of  malaria  and 
much  more  rarely  in  relapsing  fever  or  other  diseases.  In  its  typical 
form  it  is  met  with  only  in  the  severe  forms  of  tropical  malaria. 
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The  pigment  occurs  in  the  form  of  yellowish,  brown,  or  black 
granules,  or  as  small  rod-like  particles  either  in  the  plasma  or  en- 
closed in  leucocytes.  Sometimes  there  are  granular  masses  of  free 
pigment  or  a  leucocyte  may  be  so  densely  filled  that  it  presents  a 
similar  appearance.  The  free  granular  masses  are  held  together  by  a 
hyaline  albuminous  substance.  Doubtless  malarial  plasmodia  have 
often  been  mistaken  for  pigmented  leucocytes  by  the  older  writers. 

The  amount  of  pigment  is  usually  small  in  mild  cases  of  malaria, 
but  in  some  of  the  malignant  forms  the  microscopic  picture  is  most 
striking,  every  field  presenting  an  abundance  of  free  granular  matter 
or  pigment-laden  leucocytes.  At  the  same  time  the  blood  is  found 
to  be  greatly  deteriorated  in  correspondence  with  the  amount  of 
corpuscular  destruction,  from  which  the  melansemic  condition  directly 
results. 

Leucocytosis. 

Synonyms. — Polycythsemia  alba;  hyperleucocytosis. 

Definition.  — The  term  leucocytosis  is  applied  to  a  more  or  less  tran- 
sient increase  in  the  number  of  leucocytes  mainly  involving  the  poly- 
morphous neutrophilic  forms.  This  definition,  however,  does  not 
apply  in  all  cases.  Sometimes  leucocytosis  is  a  continuous  or  chronic 
affection,  as  in  cases  of  malignant  tumors  or  chronic  infections ;  and, 
on  the  other  hand,  there  are  instances  in  which  the  increased  number 
of  leucocytes  does  not  affect  the  polynuclear  so  much  as  the  mono- 
nuclear elements.  Such  cases,  however,  are  exceptional,  and  in 
general  the  definition  given  is  fairly  descriptive  and  serves  to  distin- 
guish the  condition  from  leukaemia,  in  which  there  is  constant  and 
essential  increase  of  the  leucocytes,  always  affecting  the  mononuclear 
elements  to  a  greater  extent  than  the  polymorphous  cells. 

Pathogenesis. 

The  nature  of  leucocytosis  has  occasioned  considerable  discussion, 
and  the  views  regarding  the  causation  have  been  greatly  at  variance. 
The  older  writers,  notably  Yirchow,  held  that  the  increased  number 
of  leucocytes  results  from  the  stimulation  of  the  blood-making  organs 
and  the  consequent  overproduction  of  leucocytes.  Added  to  this 
there  was  supposed  to  be  a  retardation  of  the  conversion  of  the  white 
into  red  corpuscles.  This  view,  however,  is  rarely  entertained  at  the 
present  time,  and  there  is  little  evidence  in  its  favor.  Karyokinesis 
of  the  leucocytes  of  the  circulating  blood  and  of  the  cells  of  the  blood- 
making  organs  has  been  demonstrated  only  occasionally  and  in 
slight  degree,   and  is  rarely,  if  ever,  any  distinct  evidence  of  pro- 
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ductive  processes  in  the  lymphatic  organs.  Hoffmeister,  however, 
claims  to  have  foimcl  a  marked  leucocytic  infiltration  of  the  intestinal 
walls  during  the  period  of  digestive  leucocytosis.  This  infiltration 
affected  not  only  the  adenoid  tissues,  but  the  interglanduiar  portions 
of  the  mucosa,  and  seemed  to  him  to  be  due  to  karyokinetic  activity. 

Joas  and  Lowit  have  offered  the  theory  that  leucocytosis  is  in  a 
manner  a  regenerative  or  hyperplastic  process  preceded  by  diminu- 
tion in  the  number  of  leucocytes.  This  theory  has  been  particularly 
defended  by  Lowit,  who  has  found  that  the  leucocytosis  caused  by 
the  injection  of  bacterial  products  and  various  organic  substances  is 
always  preceded  by  a  decreased  number  of  leucocytes — leucopenia. 
This  latter  condition  he  ascribes  to  destruction  of  leucocytes  (leu- 
colysis),  and  he  holds  that  it  is  essential  to  the  subsequent  leucocyto- 
sis, although  the  manner  in  which  the  preliminary  decrease  in  leu- 
cocytes or  their  destruction  brings  about  the  subsec[uent  leucocytosis 
is  not  explained.  This  theory  of  leucocytosis  cannot,  however,  be 
entertained,  since  it  has  been  shown  on»the  one  hand  that  excessive 
destruction  of  leucocytes  does  not  occur  in  the  preliminary  stages, 
and  that  in  the  second  place  injection  of  certain  substances  (glycerin 
extract  of  spleen,  Goldscheider  and  Jakob)  will  cause  a  leucocytosis 
without  preliminary  hypoleucocytosis  or  leucopenia. 

The  theories  which  at  the  present  day  are  received  with  most 
credence  are  those  which  ascribe  the  condition  to  chemotatic  in- 
fluences. Buchner  and  Eomer  believe  that  the  cause  of  the  phe- 
nomena resides  in  the  bacterial  proteins,  substances  derived  from  the 
body  of  the  bacteria,  rather  than  to  toxins  produced  by  the  micro- 
organisms. Most  observers,  however,  look  upon  the  toxins  of 
micro-organisms  and  upon  metabolic  products  as  the  active  agents 
which  cause  increase  in  the  number  of  circulating  leucocytes.  Buch- 
ner and  Eomer  held  that  the  proteins  exercise  a  double  influence, 
one  formative  and  one  chemotatic.  In  consequence  of  the  former  of 
these  there  is  an  increased  number  of  the  leucocytes  resulting  from 
direct  or  amitotic  division  in  the  blood-making  organs  or  venous 
channels  (Eomer) ,  while  the  latter  influence  leads  to  an  increase  in 
the  number  of  white  cells  in  the  circulating  blood  as  the  result  of  the 
attractive  influence  exercised  upon  the  free  leucocytes  within  the 
blood-making  organs.  Ehrlich  contends  that  the  phenomena  of  leu- 
cocytosis result  from  activity  of  the  bone  marrow  in  convei-ting  the 
abundant  mononuclear  into  polymorphous  leucocytes. 

In  contradistinction  to  these  theories  may  be  placed  those  which 
have  been  advanced  in  recent  years  and  which  explain  the  phenomena 
of  leucocytosis  upon  the  assumption  of  disturbed  relations  in  the 
circulation  of  the  leucocvtes  or  of  chemotaxis  without  actual  increase 
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in  the  number  of  white  corpuscles.  Schulz,  in  his  investigations  of 
this  subject,  was  led  to  believe  that  the  phenomena  of  leucocytosis 
are  entirely  due  to  altered  distribution,  so  that  increased  numbers  in 
the  peripheral  circulation  may  be  taken  as  an  indication  of  decreased 
numbers  in  the  interior  of  the  body,  or  the  reverse.  He  could  find  no 
evidence  either  of  destruction  of.  the  leucocytes  (the  leucolysis  of 
Lowit)  or  of  absolute  increase  in  the  number  of  leucocytes  coming  from 
the  blood-making  organs.  V.  Limbeck  explains  the  phenomena  of 
leucocytosis  entirely  upon  the  theory  of  chemotaxis,  and  points  to  the 
close  relationship  of  this  condition  with  inflammatory  exudation. 
Leucocytosis,  however,  may  occur  without  exudations  and  the  proc- 
esses are  not  essentially  related,  although  it  is  undoubtedly  true 
that  the  underlying  processes,  in  either  case,  have  much 'in  common. 
The  theory  which  at  the  present  day  seems  most  acceptable  is  that 
of  Goldscheider  and  Jakob.  These  observers  show  that  injections 
of  bacterial  products,  of  organic  extracts,  and  various  albumins  cause 
a  preliminary  decrease  in  the  number  of  leucocytes — hypoleucocy- 
tosis,  followed  by  a  more  or  less  pronounced  increase — hyperleu- 
cocytosis.  The  more  powerful  the  injection  the  more  pronounced 
the  preliminary  hypoleucocytosis  and  also  the  secondary  hyperleu- 
cocytosis.  The  action  of  the  substances  injected  is  a  double  one,  at 
first  repellant  upon  the  lucocy  tes  and  causing  their  arrest  in  the  capil- 
laries, particularly  of  the  lung;  and  secondly,  attractive  upon  the 
blood-forming  organs,  causing  an  increased  output  of  leucocytes  al- 
ready formed,  or  perhaps  a  new  formation  of  leucocytes  with  discharge 
into  the  circulation.  When  small  doses  of  the  substances  are  injected 
there  is  a  preliminary  hypoleucocytosis  due  to  the  repellant  action, 
and  a  secondary  hyperleucocytosis  as  soon  as  the  substance  injected 
has  become  disseminated  in  the  fluids  of  the  body.  When  moderate- 
sized  doses  are  injected  the  primary  repellant  action  is  more  pro- 
nounced, but  the  attractive  influence  coming  on  when  the  poison  has 
become  diluted  is  also  more  marked.  In  case  of  enormous  doses  the 
repellant  action  is  exceedingly  marked,  but  at  the  same  time  the 
irritative  and  attractive  influence  upon  the  blood-making  organs  is 
immediate  and  pronounced,  so  that  there  is  at  once  a  decided  output 
of  leucocytes.  The  repellant  influence  may  continue  sufficiently  to 
cause  arrest  of  the  newly  added  leucocytes  in  the  capillaries  of  the 
lung  or  other  parts  for  a  time,  but  the  continuous  addition  from  the 
blood-making  organs  soon  determines  decided  leucocytosis.  The 
development  of  leucocytosis  without  preliminary  hypoleucocytosis  is 
explained  by  the  assumption  that  small  doses  of  the  poisonous  sub- 
stances distributed  throughout  the  circulating  fluid  are  not  sufficiently 
repellant  to  produce  retention  in  the  capillaries,  while,  on  the  other 
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hand,  bj'  repetition  the  attractive  influence  ni)on  the  blood-making 
organs  gradually  serves  to  increase  the  number  of  leucocytes  in  the 
circulating  blood.  In  other  words,  the  equilibrium  between  the  proc- 
esses of  repulsion  and  attraction  is  disturbed  in  favor  of  attraction. 

It  is  unnecessary  to  dwell  upon  the  experimental  evidence  in  favor 
of  the  chemotatic  theory  of  leucocytosis,  and  in  particular  that  which 
has  been  adduced  to  i^rove  the  reliability^  of  the  views  just  expressed. 
Tliat  there  is  a  preliminary  disturbance  of  the  distribution  of  leu- 
cocytes in  the  circulation,  such  as  was  maintained  by  Schulz,  has  been 
shown  b}'  numerous  investigators,  and  that  the  arrest  of  leucocytosis  is 
mainly  in  the  capillaries  of  the  lung  seems  to  be  definitely  established. 
The  subsequent  increase  of  leucocytes  in  the  general  circulation  does 
not,  however,  seem  entirely  dependent  upon  a  reversal  of  the  condi- 
tions with  the  appearance  of  the  leucocytes  in  the  peripheral  and 
tlieir  disappearance  in  the  central  channels,  since  Goldscheider  and 
Jakob  were  able  to  demonstrate  an  equal  and  indeed  an  increased 
number  of  white  cells  in  the  pulmonary  capillaries  during  the  stage 
of  hyperleucocytosis.  From  this  fact  alone  it  would  seem  probable 
that  the  secondary  increase  is  due  to  an  output  from  the  blood-mak- 
ing organs  and  possibh'  also  to  actual  multiplication  of  leucocytes  in 
these  structures. 

Of  the  truth  of  the  latter  statement,  however,  little  can  be  said. 
It  rests  almost  entirely  upon  speculation.  Undoubtedly  if  a  vigorous 
attractive  influence  is  exercised  upon  the  lymphatic  organs  and  ex- 
trusion of  leucocj'tes  results,  it  would  seem  likely  that  formative  in- 
fluences would  at  the  same  time  be  set  into  operation;  but  direct 
proof  of  this  is  wanting. 

Certain  facts  point  to  the  production  of  leucocytes  in  other  tissues 
than  the  blood-making  organs.  Among  the  indications  poin^ng  in  this 
direction  may  be  cited  the  observations  of  Hoffmeister  on  the  intes- 
tinal infiltrations  during  digestion,  the  increase  of  eosinophilous  cells 
in  asthmatic  sputa  and  in  local  inflammatory  exudations.  Weiss  in 
particular  insists  upon  the  local  origin  of  leucocytes  and  their  en- 
trance into  the  circulation ;  but  upon  the  whole  it  is  far  more  likely 
that  these  views  will  be  disproved  by  further  studies. 

The  theory  of  chemotaxis  serve  in  almost  every  particular  to  ex- 
plain the  phenomena  of  leucocytosis  as  they  have  been  observed  in 
physiological  and  pathological  conditions.  Active  multiplication  of 
the  leucocytes  probably  occurs  as  a  secondary  though  important  part 
of  the  process,  but  this  remains  to  be  proved. 
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The  Blood  in  Leucocytosis. 


The  increased  number  of  leucocytes  varies  greatly  according  to 
the  nature  of  the  underlying  condition.  The  variability  in  the  num- 
ber of  leucocytes  in  health  makes  it  somewhat  difficult  to  establish 
an  absolute  limit  beyond  which  the  number  of  leucocj'tes  may  be 
considered  abnormal;  but,  roughly  speaking,  it  may  be  said  that 
when  the  number  per  cubic  millimetre  exceeds  10,000,  the  condition 
is  one  of  leucocytosis.  The  percentage  proportions  of  leucocytes  as 
compared  with  the  red  corpuscles  are  of  comparatively  little  value, 
since  the  proportion  is  altered  as  much  by  increase  or  decrease  of  the 
red  corpuscle  as  by  change  in  the  number  of  leucocytes.  In  moderate 
leucocj^tosis  the  number  increases  to  20,000  or  30,000;  in  marked 
cases  to  40,000  or  50,000,  but  the  number  may  exceed  the  latter 
figure  considerably  in  certain  cases.  No  fixed  rule  can  be  established 
for  the  liability  to  increase  of  leucocytes  in  difi"erent  individuals  under 
similar  conditions ;  but  children  generally  show  a  more  marked  in- 
crease than  adults. 

In  the  great  majority  of  cases  the  increase  affects  the  polymor- 
phous neutrophilic  forms  rather  than  the  mononuclear  elements.  The 
proportion  of  these  forms  may  be  increased  from  the  normal  {65  to 
75  per  cent.)  to  80  and  85  per  cent.,  or  even  greater  numbers.  In  one 
of  my  cases  (suppurative  meningitis)  I  found  99.5  per  cent,  of  all  the 
leucocj^tes  polymorphous  and  neutroiDhilic.  Sometimes  the  condi- 
tions are  reversed  and  instead  of  an  excess  of  polymorphous  cells  the 
mononuclear  elements  are  increased.  This  is  particularly  common 
in  cases  of  lymphosarcoma  or  leucocytosis  due  to  other  malignant 
diseases,  in  instances  of  terminal  leucocytosis  and  in  the  post-hemor- 
rhagic  forms.  In  some  of  these  cases  I  have  found  the  mononuclear 
elements  considerably  in  excess  of  the  polymorphous  forms,  and  may 
cite  in  illustration  a  recent  case  following  hemorrhage  in  which  the 
proportions  were  as  follows:  Polymorphous,  43.5  per  cent.;  lym- 
phocytes, 27.1  per  cent. ;  large  mononuclear  (large  lymphocytes?), 
16.4  per  cent. ;  transitional,  10  per  cent. ;  and  eosinophile  (poly- 
nuclear),  2.8  per  cent. 

Similar,  though  perhaps  less  striking,  instances  are  not  uncom- 
mon in  the  other  conditions  named;  while  in  the  leucocj^tosis  of  early 
childhood  the  large  proportion  of  mononuclear  elements  is  usually 
striking.  This  is  especially  well  marked  in  certain  cases  of  rachitis, 
S3' philis,  and  the  condition  termed  by  v.  Jaksch  infantile  pseudo- 
leuksemia. 

Occasionally  markzellen  or  myelocytes  have  been  found  and 
karyokinetic  figures  have  been  observed  by  a  few  investigators. 
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Etiology. 

The  clhiical  causes  of  leucocytosis  are  extremely  numerous ;  it  may 
occur  during  health  as  well  as  in  various  diseases.  The  forms  of 
physiological  leucocytosis  are  those  which  occur  in  the  new-born,  in 
pregnant  women,  and  after  the  ingestion  of  food. 

Leucocytosis  of  the  Neiu-Born. — This  has  been  observed  by  a 
number  of  authors,  and  has  been  ascribed  to  insj^issation  of  the  blood 
as  well  as  to  the  continuous  or  protracted  effect  of  digestion.  As  a 
rule,  the  numbei'  of  leucocj'tes  is  not  markedly  increased,  though  from 
15,000  to  20,000  per  cubic  millimetre  are  frequently  noted.  During 
the  first  year  of  life  the  number  declines  and  by  the  second  year  has 
usually  reached  the  adult  proportion.  The  mononuclear  forms, 
especially  lymphocytes,  are  more  abundant,  according  to  Eieder, 
than  the  polynuclear  elements.  This  has  also  been  observed  by  other 
investigators. 

The  leucocytosis  of  pregnancy  is  not  invariable,  though  it  occurs  in 
a  considerable  proportion  of  cases.  Among  31  investigated  by  Bieder 
21  presented  distinct  increase  of  the  leucocytes,  the  average  number 
being  13,000  per  cubic  millimetre.  At  the  end  of  pregnancy  the 
number  rajjidly  decreases  and  soon  reaches  the  normal. 

Digestive  leucocytosis  has  been  recognized  for  a  long  time,  observa- 
tions having  been  recorded  by  Nasse,  Moleschott,  and  Yirchow.  It  is 
quite  frequently  observed,  though  not  invariablj^,  and  occurs  within 
a  few  hours  after  the  meals,  reaching  its  maximum  in  three  or  four 
hours  and  gradually  disappearing  in  six  or  eight.  Proteid  food  is 
more  striking  in  its  effects  than  is  a  mixed  diet.  In  cases  of  pro- 
longed abstinence  from  food  there  may  be  a  decrease  in  the  number 
of  leucocytes,  as  Luciani  found  in  the  studies  of  the  Italian  faster 
Succi,  in  whom  the  number  of  leucocytes  sank  to  861  per  cubic  milli- 
metre after  the  first  week.  Subsequently  there  was  a  slight  increase 
(1,530  per  cubic  millimetre),  lasting  until  the  termination  of  the 
thirty  days'  fast. 

Digestive  leucocytosis  occurs  in  persons  suffering  with  gastro- 
intestinal disease  as  well  as  in  health,  excepting  cases  of  gastric  car- 
cinoma, in  which,  according  to  the  investigations  of  Miiller  and 
Schneyer,  there  is  constant  absence  of  this  i)henomenon. 

Among  the  causes  of  pathological  leucocytosis  may  be  included 
various  inflammatory  and  infectious  processes,  cachectic  conditions, 
malignant  new  growths,  hemorrhage,  and  toxic  agents  or  drugs. 

Inflammatory  and  Infectious  Leucocytosis. — In  nearly  all  of  the  in- 
fectious diseases  which  have  been  examined  there  has  been  found  a 
jnore  or  less  pronounced  increase  in  the  number  of  leucocytes,  the 
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prominent  exceptions  to  this  rule  being  tuberculosis,  typhoid  fever, 
malaria,  influenza,  and  lepra. 

Croupous  pneumonia  generally  shows  a  decided  increase,  begin- 
ning with  the  elevation  of  temperature  and  continuing  until  the  de- 
cline of  the  fever,  when  the  number  of  leucocytes  usually  decreases 
rapidly.  The  polynuclear  elements  are  particularly  conspicuous, 
while  the  eosinophilic  cells  as  a  rule  are  exceedingly  few  in  number. 
Numerous  observations  have  been  recorded  to  show  that  unusually 
virulent  cases  may  be  distinguished  by  the  absence  of  this  leuco- 
cytosis,  which  therefore  becomes  significant  in  a  prognostic  sense. 
Pseudo-crises  are  not  attended  with  decline  of  the  number  of  leuco- 
cytes and  may  be  thus  distinguished  from  the  actual  crisis.  The 
extent  of  pulmonary  involvement  does  not  bear  a  direct  relation  to 
the  degree  of  leucocytosis,  which  seems  on  the  contrary  to  be  depen- 
dent upon  the  virulence  of  the  infective  material. 

Streptococcus  Infections. — In  cases  of  streptococcus  infection 
there  is  usually  a  more  or  less  decided  increase  in  the  number  of  leu- 
cocytes, as  is  seen  in  cases  of  cellulitis,  erysipelas,  puerperal  sepsis, 
or  secondary  streptococcic  infection  in  cases  of  pulmonary  tubercu- 
losis and  other  chronic  diseases.  The  degree  of  leucocytosis  is  gen- 
erally moderate  and  corresponds  somewhat  in  its  variation  with  the 
temperature  curve. 

Staphylococcus  Infections. — Suppurative  inflammations  in  any 
part  of  the  body  are  usually  attended  by  a  moderate  increase  in  the 
number  of  leucocytes  and  the  presence  of  pus  may  be  thus  detected. 
In  a  number  of  cases  of  suppurative  appendicitis  in  which  the 
staphylococcus  albus  was  discovered  I  found  the  number  of  leuco- 
cytes to  vary  from  15,000  to  40,000,  while  in  non-suppurative  cases 
the  leucocytosis  was  extremely  moderate  or  absent.  Similar  obser- 
vations may  be  made  in  cases  of  staphylococcus  suppuration  occur- 
ring in  other  localities. 

Inflammations  of  the  serous  membranes,  peritoneum,  pleura,  and 
meninges  are  frequently  attended  by  moderate  leucocytosis  and 
there  is  undoubtedly,  as  v.  Limbeck  holds,  a  certain  relation  between 
the  cellular  richness  of  the  exudate  and  the  degree  of  leucocytosis. 
The  latter  is  practically  always  present  in  inflammations  of  these 
structures  dependent  upon  infection  with  streptococci,  staphylococci, 
or  pneumococci;  but  in  tuberculous  inflammations  the  number  of 
leucocytes  is  not  increased.  I  have  found  a  like  increase  of  leucocytes 
in  acute  endocarditis  of  malignant  type  and  in  all  of  these  cases  the 
polymorphous  elements  predominate  greatly. 

Acute  Infectious  Fevers. — Moderate  leucocytosis  has  been  found 
in  acute  rheumatism,  diphtheria,  variola,  scarlatina,  and  anthrax.     It 
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has  been  discovered  occasionally  in  measles,  though  as  a  rule  the 
number  is  not  increased  in  this  condition.  In  small-pox  the  number 
of  leucocytes,  according  to  the  investigations  of  Pick,  bears  a  distinct 
relation  to  the  character  of  the  eruption,  being  practically^  normal 
during  the  earlier  stage  of  the  infection,  but  considerably  above  the 
normal  when  suppuration  has  begun. 

Cachetic  Icucocyfosis  may  occur  in  a  great  variety  of  conditions. 
Among  these  congenital  syphilis  and  rachitis  hold  important  rank. 
In  either  of  these  considerable  increase  may  be  observed  and  some- 
times the  leucocytosis  is  so  pronounced  that  authors  have  at  times 
hesitated  to  exclude  leukaemia,  the  difficulty  of  diagnosis  being  not  a 
little  increased  by  the  frequency  of  mononuclear  leucocytosis  in  such 
cases  and  b}'  the  enlargement  of  the  spleen  and  glands. 

Agonal  leucocytosis  or  the  terminal  leucocytosis  developing  to- 
wards the  end  of  life  in  various  chronic  affections  is  in  a  measure  an 
exaggerated  form  of  cachectic  leucocytosis.  At  times  it  becomes  very 
pronounced.  It  has  been  repeatedly  discovered  in  cases  of  pernicious 
anaemia,  but  occurs  in  various  diseases.  The  explanation  of  this  con- 
dition, in  part  at  least,  may  be  the  reduction  of  blood  pressure  and 
the  discharge  of  the  leucocytes  from  the  lymphatic  organs  into  the 
circulation.  This  explanation,  however,  does  not  suffice  in  all  cases. 
In  some  instances  terminal  infection  may  play  a  part.  The  mononu- 
clear elements  and  in  particular  the  small  lymphocytes  are  often 
increased  more  strikingly  than  the  polymorphous  elements.  This, 
however,  is  not  invariably  the  case. 

31alignant  Tumoi'S. — The  leucocytosis  associated  with  malignant 
growths  is  particularly  frequent  in  cases  of  sarcoma.  In.  such  cases 
the  number  may  vary  from  the  normal  to  fiftj'  thousand  or  more,  and 
it  may  be  difficult  in  some  cases  of  sarcoma  involving  the  lytaphatic 
apparatus  to  draw  a  sharp  dividing  line  between  symptomatic  leu- 
cocytosis and  leukaemia,  as  in  all  cases  of  sarcoma  the  mononuclear 
elements  tend  to  increase  more  particularly  than  the  polynuclear. 
Leucocytosis  is  less  frequent  in  carcinoma,  though  it  occurs  in  a  cer- 
tain proportion  of  cases,  particularly  in  the  later  stages  when  the 
bone  marrow  has  become  involved.  The  mononuclear  elements  may 
be  conspicuous  as  in  sarcoma  and  certain  investigators  have  called 
particular  attention  to  the  presence  of  large  mononuclear  forms  or 
myelocytes. 

Posf-Jiemorrhagic  leucocytosis  occurs  after  large  or  small  losses  of 
blood,  usually  ajjpearing  within  a  short  time  and  continuing  for 
several  days,  according  to  its  original  severity.  The  explanation 
given  by  the  older  waiters,  and  still  occasionally  repeated,  that  this  is 
due  to  the  adhesive  property'  of  the  leucocytes  and  their  attaching 
Vol.  VII.— 20 
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themselves  to  the  sides  of  the  blood-vessel  walls  cannot  be  accepted. 
It  is  more  likely  that  the  reduction  of  blood  pressure  leads  to  the  dis- 
charge of  leucocytes  from  the  tissues  of  the  body  and  lymphatic  sys- 
tem into  the  circulation.  The  proportion  of  lymphocytes  may  be 
strikingly  increased,  as  occurred  in  a  recent  case  already  referred  to, 
in  which  the  lymphocytes  constituted  27.1  per  cent.,  and  the  large 
mononuclear  and  transitional  forms,  which  were  undoubtedly  closely 
allied  to  the  lymphocytes,  16.4  per  cent  and  10  per  cent,  of  the  total 
number. 

Mechanical  and  Thermal  Causes. — Leucocytosis  after  massage  and 
after  cold  baths  bears  a  resemblance  in  its  causation  to  the  last-named 
form.  The  experiments  of  Mitchell  showed  a  decided  leucocytosis 
in  four  cases  out  of  ten  in  which  massage  was  practised,  and  moder- 
ate increase  in  three,  while  the  number  remained  normal  in  the  other 
three.  The  studies  of  Winternitz  and  Thayer  have  shown  a  quite 
constant  increase  in  the  number  of  leucocytes  following  cold  bathing 
in  health  or  in  disease  (typhoid  fever).  The  general  stimulation  of 
the  circulation  by  massage  or  the  application  of  cold  would  seem  to 
be  operative  in  such  cases  by  causing  a  return  to  the  circulation  of 
leucocytes  stagnant  in  various  parts  of  the  body. 

Medicinal  Leucocytosis. — Reference  has  already  been  made  in  the 
discussion  of  the  nature  of  this  condition  to  the  increase  of  leucocy- 
tosis produced  by  injection  of  various  toxic  substances.  Among 
those  which  have  been  employed  in  therapeutics  are :  pilocarpine,  oil 
of  turpentine,  oil  of  cinnamon,  peppermint,  tuberculin,  camphor,  urea, 
and  certain  organic  extracts  as  those  of  the  spleen,  thymus,  and  bone 
marrow.  Various  other  organic  substances  and  bacterial  toxins  have 
been  found  to  exercise  a  similar  influence  in  experimental  investi- 
gations. 

Leucocytosis  is  of  no  importance  as  a  clinical  condition  and  there 
are  no  symptoms  directly  attributable  to  it. 

Hypoleucocytosis. 

Synonyms. — Leucopenia ;  aleucocytosis. 

Definition.- — The  term  hypoleucocytosis  is  used  to  designate  de- 
crease in  the  number  of  leucocytes.  In  clinical  studies  it  is  somewhat 
difficult  to  establish  a  number  which  shall  represent  the  lowest  limit 
that  may  be  considered  normal.  Arbitrarily,  however,  we  may  fix 
upon  the  number  six  thousand.  In  experimental  investigations,  on 
the  other  hand,  it  is  easy  to  establish  the  existence  of  hypoleucocy- 
tosis by  the  previous  examinations  of  the  blood  and  by  the  acute 
character  of  the  condition. 
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Hypoleucocytosis  lias  been  the  subject  of  investigation  of  a 
number  of  recent  experimenters,  and  its  study  has  served  to  clear  a 
number  of  difficulties  in  the  v^^ay  of  a  proper  interpretation  of  the 
nature  of  leucocytosis.  The  term  leucopenia,  indicating  poverty  of 
leucocytes,  was  introduced  by  Lowit,  who  holds  that  the  decreased 
number  of  leucocytes  is  the  result  of  increased  destruction.  Objec- 
tion may,  however,  be  made  to  both  the  term  and  the  view  expressed; 
for  it  is  likely  from  other  experiments  that  there  is  no  actual  poverty 
of  leucocytes,  and  proof  is  wholly  wanting  that  the  leucocytes  are 
destroyed  more  rapidly  than  in  health.  The  explanation  of  hypo- 
leucocytosis of  Schulz  and  of  Goldscheider  and  Jakob  is  simple  and 
convincing.  These  observers  found,  after  injection  of  various  toxic 
substances,  that  the  capillaries  of  the  internal  organs,  notablj-  the 
lungs,  become  overfilled  with  leucocytes  at  the  same  time  that  the 
peripheral  circulation  shows  decreased  numbers.  Of  the  truth  of 
this  assertion  there  can  be  no  doubt  at  all,  though  difference  of 
opinion  may  still  be  justified  regarding  the  proper  explanation  of  the 
phenomenon  noted.  Experimental  hypoleucocytosis  is  usually  fol- 
lowed by  increased  numbers  of  leucocytes  or  hyperleucocytosis. 

In  human  pathology  hypoleucocytosis  has  as  yet  occupied  but 
little  attention.  It  occurs  in  certain  cases  of  tuberculosis,  typhoid 
fever,  malaria,  pneumonia,  and  in  some  instances  of  cacliexia,  starva- 
tion, and  the  like.  The  decreased  number  of  leucocytes,  or  at  least 
the  absence  of  leucocytosis,  met  with  in  cases  of  pure  tuberculosis 
(without  secondary  infections)  is  of  great  diagnostic  value  in  certain 
cases.  In  particular  the  differential  diagnosis  between  tuberculous 
and  simple  inflammatory  affections  of  the  serous  membranes  is  some- 
times greatly  facilitated  by  this  fact.  The  same  may  be  said  of  the 
absence  of  leucocytosis  in  typhoid  fever.  In  these  diseases  the 
number  of  leucocytes  may  be  entirely  normal,  actual  decrease  in  the 
number  occurring  in  only  a  small  proportion  of  cases.  The  character 
of  the  leucocytes  usually  shows  no  striking  variation  from  the  normal, 
though  a  preponderance  of  mononuclear  elements  has  been  observed 
by  some  investigators  in  typhoid  fever  and  an  almost  complete  ab- 
sence of  eosinophilous  forms  in  tuberculosis  by  others. 

The  normal  number  of  leucocytes  or  even  hypoleucocytosis  may  be 
met  with  in  certain  cases  of  pneumonia.  This  is  principally  impor- 
tant from  the  fact  that  such  cases  have  been  found  more  serious  in 
prognosis  than  cases  in  which  the  usual  leucocytosis  is  observed. 

The  decrease  in  the  number  of  the  leucocytes  occumng  in  various 
chronic  symptomatic  anaemias,  in  cases  of  malnutrition  and  the  like, 
is  devoid  of  clinical  significance.  In  cases  of  toxic  or  infectious 
hypoleucocytosis  it  is  not  unlikely  that  the  massing  of  the  leucocytes 
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in  the  capillaries  of  tlie  lungs  may  lielp   in  tlie  production  of  the 
respiratory  symptoms  and  complications  of  such  cases. 

Polycythsemia. 

Synonyms. — Polycythsemia  rubra;  erythrocytosis. 

This  condition  may  be  either  actual  or  relative,  and  it  is  difficult 
to  determine  in  how  far  the  increased  number  per  cubic  millimetre  is 
dependent  upon  actual  increase  in  the  quantity  of  corpuscles  in  the 
entire  blood  or  upon  decreased  quantitj^  of  plasma.  Polycythsemia 
occurs  normally  in  the  new-born,  the  figures  having  already  been 
referred  to.  A  temporary  increase  in  the  corpuscles  may  be  pro- 
duced by  transfusion  of  blood,  but  this  increase  is  soon  removed  by 
the  process  of  cytolysis.  The  influence  of  climate  is  of  considerable 
interest.  Yiault  observed  that  his  blood  showed  5,000,000  red  cor- 
puscles at  Lima,  while  after  fourteen  days'  stay  in  the  Cordilleras 
the  number  increased  to  7,000,000,  and  after  three  weeks  to  8,000,000. 
Subsequently  this  subject  has  been  studied  by  a  number  of  observers 
who  have  invariably  found  increased  numbers  at  elevated  stations. 
A  table  has  been  constructed  by  Wolff  and  expanded  by  Jaruntowski 
and  Schroeder,  showing  the  increasing  number  of  corpuscles  with 
increased  altitude.     This  table  is  as  follows : 


Location. 

Christiania 

Gottingen 

Tiibingen 

Zurich 

Auerbach,  i.V 

Goerbersdorf 

Keiboldsgriln,  i.V 

Arosa 

Cordilleras 


Altitude  in 

Number  of 

Observer. 

metres. 

corpuscles. 

Laache 

Sea  level 

4,970,000 

Schafer 

148 

5,225,000 

Reinert 

314 

5,322.000 

Stierliu 

414 

5,752,000 

WolflE 

400  to  450 

5,748,000 

j  Jarunto"^vski       ) 
{    and  Schroeder  \ 

561 

5,800,000 

Wolff 

700 

5,970,000 

Egger 

1,800 

7,000,000 

Yiault 

4,392 

8,000,000 

A  similar  effect  is  observed  in  consequence  of  circulatory  dis- 
turbances, a  number  of  observers  having  determined  the  increased 
number  of  corpuscles  occurring  in  conditions  of  failing  circulation 
and  particularly  when  cyanosis  is  present.  In  such  cases  the  number 
of  corpuscles  may  be  increased  to  6,000,000,  7,000,000,  or  even 
greater  numbers.  Eapid  loss  of  serum  in  cases  of  cholera,  diarrhoea, 
excessive  sweating,  or  the  like,  similarly  increases  the  number  of 
corpuscles  in  a  given  quantity  of  blood. 

The  explanation  of  these  conditions  is  somewhat  difficult.  In  the 
case  of  elevated  regions  it  has  been  held  by  some  that  the  increased 


ANiEMIA.  300 

demand  for  oxygen-carrying  substances  leads  to  multiplication  of  the 
number  of  corpuscles,  while  others  have  maintained  that  there  is  a 
loss  of  lic^uid  by  the  increased  respiratory  activity.  Objections 
might,  however,  be  made  to  either  of  these  explanations,  though 
perhaps  each  of  them  contains  some  element  of  truth.  The  increased 
activity  of  the  circulation  in  elevated  regions  undoubtedly  serves  in 
a  measure  to  produce  the  result  noted  by  bringing  into  the  circulation 
all  of  the  available  corpuscles  from  the  tissues,  and  the  effect  of  mas- 
sage in  increasing  the  number  of  red  corpuscles  (]\Iitchell)  and  the 
effect  of  cold  baths  (Winternitz  and  others)  point  in  the  same 
direction. 

In  the  case  of  cardiac  disease  stagnation  of  the  circulation  and 
the  retention  of  the  corpuscular  elements  in  the  periphery  un- 
doubtedly play  a  part.  There  seems  little  reason  for  belie\dng  that 
the  increased  numbers  of  corpuscles  are  dependent,  as  some  have  held, 
upon  fragmentation  for  the  purpose  of  furnishing  greater  oxygenating 
surface,  and  the  view  recently  expressed  that  the  jjolycythgemia  of  high 
altitudes  is  due  to  increase  of  the  length  of  life  of  the  corpuscle  is  in- 
teresting but  unconvincing. 

Clinically,  polycythsemia  is  without  significance,  and  the  fact  that 
its  development  in  persons  who  have  taken  up  their  residence  at  a 
high  altitude  and  its  subsequent  disappearance  when  they  return  to 
sea-level  are  marked  by  no  disturbance  of  health  is  a  strong  point 
against  the  assumption  that  there  is  on  the  one  hand  rapid  production 
of  corpuscles  or  on  the  other  hand  subsequent  cytolysis. 

ANEMIA. 

The  most  important  of  the  alterations  of  the  blood  are  the  condi- 
tions grouped  under  the  name  anaemia  («,  priv.,  and  atiJM^  blood). 
This  term  in  its  etymological  and  older  sense  was  used  to  designate 
poverty  in  blood  or  bloodlessness.  This  view  of  angemia  has  been 
long  since  abandoned,  and  it  is  recognized  that  ansemia  as  it  is  met 
with  clinically  represents  a  variety  of  affections  in  which  deteriora- 
tion of  the  blood  may  occur  in  one  or  another  of  several  particulars. 
Absolute  reduction  in  the  volume  of  blood  does  undoubtedly  occur  in 
certain  cases,  and  the  term  "  oligsemia"  is  properly  applicable,  but 
even  in  such  cases  the  depreciated  quality  of  the  blood  is  more  im- 
portant. The  intimate  relationship  existing  between  the  circulating 
medium  and  the  liquid  of  the  various  tissues  allows  a  ready  exchange 
of  fluid  in  one  direction  or  the  other,  so  that  the  ma^3  of  the  blood  is 
kept  at  approximately  the  same  bulk. 

Deterioration  in  the  quality  of  the  blood  may  occur  in  the  follow- 


310  STEKGEL — DISEASES  OF  THE   BLOOD. 

ing  directions:  Eeduction  of  the  number  of  red  corpuscles,  or 
oligocythcem  ia,  is  one  of  the  most  frequent  and  most  striking  altera- 
tions in  the  various  anaemic  conditions.  This  very  rarely  occurs  with- 
out a  simultaneous  change  in  the  chemical  constitution  of  the  serum ; 
but  the  latter  may  be  relatively  unimportant.  The  number  of  cor- 
puscles may  be  normal  while  the  hgemoglobin  is  reduced  in  amount. 
Such  a  condition  (oligochromcemia)  is  not  infrequently  obseiwed  in 
chlorosis  and  other  conditions.  Otto  first  called  attention  to  the  fact 
that  after  hemorrhages  the  regeneration  of  blood  always  effects  an 
increase  to  the  normal  in  the  number  of  corpuscles  before  the  haemo- 
globin has  reached  the  normal.  Oligochromsemia  is  therefore  in  a 
sense  a  regeneration  phenomenon,  and  certain  authors  would  regard 
it  as  such  in  all  cases.  This  view  must  not,  however,  be  too  readily 
received.  Undoubtedly  there  are  cases  in  which  the  reduction  of 
haemoglobin  is  the  primary  condition.  Finally  the  blood  may  be 
reduced  in  quality  by  the  diminution  of  albuminous  constituents  or 
by  the  addition  of  water.  These  changes  are  usually  coincident  and 
probably  always  associated  with  changes  in  the  quantity  of  heemo- 
globin  or  the  number  of  corpuscles.  It  is  improper,  in  view  of  the 
above  considerations,  to  substitute  the  term  oligocythsemia  for  the 
older  (ilinical  name  antemia,  and  though  the  latter  cannot  now  be 
used  in  its  older  and  literal  sense  it  is  useful  to  designate  a  group  of 
affections  characterized  by  deterioration  of  the  blood. 

Reference  may  be  made  at  this  point  to  jjseudo-ancemia.  It  is 
very  well  known  that  certain  individuals,  and  often  a  number  of  indi- 
viduals of  the  same  family,  present  marked  pallor  without  exhibiting 
any  evidence  of  anaemia  in  a  clinical  way  or  upon  the  most  careful 
examination  of  the  blood.  This  pallor  may  be  due  to  abnormalities 
in  the  capillary  sujDply  of  the  skin,  to  deficiency  of  the  normal  pig- 
ment, or  to  other  causes.  Sometimes  pallor  develops  suddenly  or 
gradually  in  persons  in  whom  examination  of  the  blood  shows  no 
deficiency  in  color  or  in  the  number  of  corpuscles.  The  explanation 
of  such  cases  is  found  in  the  study  of  the  general  circulation.  Sahli 
found  among  the  causes  of  such  "apparent  anaemia"  reduction  in 
blood  pressure  with  consequent  deficiency  of  circulation  in  the  skin. 
In  other  cases  disturbances  of  the  vasomotor  system  doubtless  play 
a  part,  as  in  the  instances  reported  by  Winternitz  as  "  anaemia  spuria 
acutissima."  In  these  instances  there  is  a  sudden  or  gradual  accu- 
mulation of  blood  in  the  interior  with  reduction  of  the  amount 
customarily  present  in  the  skin.  The  consequence  of  this  is  an 
anaemic  appearance  without  actual  anaemia.  Undoubtedly,  however, 
vasomotor  disturbances  of  this  kind  frequently  cause  interchange  of 
liquid  from  the  tissues  to  the  blood  or  the  reverse,  and  alterations  in 
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the  (.-haraeter  of  the  blood  may  follow.  These  alterations,  however, 
maj'  be  trifling  or  absent,  or  they  may  be  slowly  developed  so  that 
in  the  mean  time  the  paradoxical  change  of  color  without  discoverable 
change  in  the  blood  is  observed. 

Classeficatign  of  the  Anaemias. 

Various  schemes  have  been  suggested  for  the  classification  of  the 
anaemic  affections,  but  none  of  these  has  i)roved  entirely  satisfactory. 
The  earliest  classifications  were  the  purely  clinical  ones  based  upon 
the  more  striking  features  of  groups  of  cases.  In  this  manner  per- 
nicious anaemia  was  distinguished  from  the  general  body  of  the 
anaemias  by  Addison,  and  chlorosis  by  still  earlier  authorities.  Sub- 
sequently the  attempt  was  made  to  di\dde  all  cases  into  two  groui)s : 
representing  first  the  cases  in  which  the  anaemia  is  secondary  to 
some  other  affection  or  symptomatic  of  such ;  and  second,  the  cases 
in  which  the  disease  of  the  blood  is  primary,  originating  in  the  blood 
itself  or  in  disorders  of  the  blood-making  organs.  This  was  un- 
doubtedly a  progressive  step,  though  recent  knowledge  does  not  sup- 
port the  arbitrar}^  limits  established  by  the  classification.  Disorder 
of  blood  formation  or  of  haemolysis  doubtless  plays  as  great  a  part 
in  certain  of  the  so-called  secondary  anaemias  as  in  the  primary 
forms;  but  the  classification  is  still  useful  for  practical  purposes. 
We  must,  however,  modify  somewhat  our  conceptions  of  the  meaning 
of  the  terms. 

By  primary,  idiopathic,  or  essential  anaemias  we  may  designate  a 
group  of  diseases  in  which  the  striking  manifestations  are  those 
affect  ing  the  blood,  the  blood-making  organs  or  both,  and  in  which 
the  other  symptoms  are  subsidiary  or  dependent  upon  these  condi- 
tions. It  is  by  no  means  improbable  that  many  of  these  cases  are 
dependent  upon  organic  diseases,  which  careful  investigation  may 
reveal ;  the  essential  jjoint  is  rather  that  the  condition  of  the  blood 
and  haematopoietic  organs  is  the  dominating  clinical  feature.  In 
pernicious  anaemia,  in  leukaemia,  and  in  Hodgkin's  disease  there  are 
undoubtedly  cases  in  which  disorders  of  the  gastrointestinal  tract 
precede  the  anaemic  disorder  and  bring  it  about ;  Avhile  in  chlorosis 
the  same  ^-iew  has  been  largely  entertained.  In  none  of  these  cases, 
however,  does  the  primary  disease  play  a  conspicuous  part  in  the 
clinical  phenomena. 

Among  the  diseases  of  this  group  are  chlorosis,  progressive  per- 
nicious anaemia,  leukaemia,  and  Hodgkin's  disease.  Certain  authors 
still  distinguish  a  form  of  simple  primarij  ancemia,  but  there  are  no 
characters   by   which  this  may   be  satisfactorily   recognized.     The 
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cases  spoken  of  as  splenic  ancemia  are  widely  different  in  nature, 
some  belonging  properly  among  tlie  symptomatic  anaemias,  others 
being  cases  of  Hodgkin's  disease. 

The  terms  symptomatic  or  secondary  anosmia  may  be  applied  to 
the  cases  in  which  deterioration  of  the  blood  occurs  as  a  consequence 
of  various  diseases,  but  in  which  the  angemia  remains  a  subordinate 
condition.  In  this  group  are  the  anaemias  attending  gastrointestinal, 
cardiac,  renal,  hepatic,  and  other  organic  diseases ;  those  following 
acute  or  chronic  infections  of  various  kinds;  the  anaemias  due  to 
nutritional  diseases,  to  parasites,  or  various  intoxications,  and  the 
anaemia  of  hemorrhage.  The  last  named  in  a  measure  forms  a 
separate  group,  but  in  its  manifestations  resembles  the  symptomatic 
anaemias  very  closely  and  may  therefore  be  included  among  the 
latter. 

The  attempts  to  classify  anaemias  on  a  purely  anatomical  or 
pathological  basis,  distinguishing  those  in  which  oligocythaemia, 
hydrsemia,  oligochromaemia,  or  other  features  are  conspicuous,  have 
been  entirely  useless  in  practical  or  scientific  considerations  of  the  sub- 
ject; and  the  hope  of  determining  in  which  cases  haemogenesis  is  at 
fault  and  in  which  abnormal  haemolysis  has  thus  far  proved  illusive. 


Symptomatic  An8em.ia. 

Etiology. 

The  causes  which  occasion  symptomatic  anaemia  may  be  classified 
in  a  number  of  groups,  including  unfavorable  sanitary  conditions, 
hemorrhage,  parasites,  infectious  diseases,  intoxications,  organic  dis- 
eases, and  new  growths. 

Surroundings,  Diet,  etc. — The  surroundings  of  patients  exercise  a 
more  or  less  pronounced  infiuence  upon  the  condition  of  the  blood 
as  upon  the  general  health.  Whatever  influences  tend  to  cause  de- 
terioration of  the  latter  tend  also  to  produce  an  anaemic  condition. 

The  effect  of  diet  is  difficult  to  determine,  as  the  experimental 
evidence  and  some  of  the  investigations  made  upon  persons  under- 
going prolonged  fasts  have  been  quite  at  variance  in  their  results. 
Senator  and  Luciani  found  that  the  blood  of  the  Italian  fasters  Cetti 
and  Succi  did  not  undergo  the  deterioration  that  might  be  expected, 
and  experiments  upon  animals -have  sometimes  shown  considerable 
increase  in  the  number  of  corpuscles  instead  of  decrease.  It  must 
be  remembered,  however,  that  in  such  instances  the  increased  number 
of  corpuscles  is  probably  to  a  large  extent  apparent,  being  due  to  in- 
spissation  of  the  blood  from  the  loss  of  liquid  from  the  body.     The 
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experiments  upon  animals  would  seem  to  show  that  fasting  in  itself 
affects  the  general  blood  mass  in  equal  proportion  with  the  body 
weight,  and  that  deterioration  of  the  quality  of  the  blood  does  not 
occur  (v.  Husslin).  When  the  blood  is  decidedly  affected  this  is 
probably  due  to  secondary  or  associated  conditions,  such  as  fever, 
organic  disturbances,  etc.  Continuous  bad  food,  however,  is  usually 
associated  with  other  debilitating  influences  and  undoubtedly  leads 
to  anaemia,  as  is  seen  in  the  inhabitants  of  besieged  cities  or  in  times 
of  famine. 

Occupations  which  are  exacting  and  lead  to  a  greater  output  than 
income  of  energy  occasion  similar  results.  Residents  of  tropical 
climates  frequentlj^  present  a  strikingly  anaemic  appearance,  particu- 
larl}^  when  they  have  recently  arrived  in  such  climates,  but  to  a  large 
extent  this  appearance  is  deceptive,  being  probably  due  to  vasomotor 
conditions  rather  than  to  a  condition  of  the  blood  itself.  The  actual 
anaemias  of  the  tropics  are  dependent  upon  definite  and  specific 
causes. 

Hemorrliage  may  occasion  moderate  or  intense  anaemia,  accord- 
ing to  its  causes.  In  cases  of  traumatism  with  rupture  of  a  large 
vessel,  in  instances  of  hemorrhages  from  the  stomach  or  the  intes- 
tinal tract,  after  hemorrhages  from  the  lungs  or  uterus,  or  in  cases  of 
loss  of  blood  occurring  from  superficial  carcinomata  or  other  tumors, 
the  degree  of  anaemia  is  sometimes  intense.  The  same  may  be  said 
of  the  hemorrhages  occurring  in  the  so-called  hemorrhagic  diseases 
haemophilia,  scurvy,  or  purpura.  In  instances  in  which  the  loss  of 
blood  is  extremelj'^  gradual,  the  resulting  anaemia  is  correspondingly 
slow  in  development.  Among  the  cases  of  this  kind  may  be  noted 
hemorrhoids,  hemorrhages  from  the  gastrointestinal  mucosa  due  to 
obstructions  in  the  portal  circulation,  and  new  growths  affecting  the 
mucous  surfaces.  .  The  loss  of  a  large  quantity  of  blood  may  be  imme- 
diately fatal,  though  the  exact  amount  which  must  be  lost  in  order  to 
to  produce  such  a  result  is  difficult  to  determine  and  probably  varies 
greatly  in  different  individuals.  In  animals  a  loss  of  three  per  cent,  of 
the  body  weight  causes  an  immediate  depression  of  the  blood  pressure, 
but  this  loss  is  rapidly  regained.  This  equalization  results  from  the 
action  of  the  vasomotor  mechanism  as  well  as  from  the  absorption  of 
fluid  from  the  tissues.  The  primary  result  of  hemorrhage  must  alwaj's 
be  a  reduction  of  the  total  amount  of  blood  or  oligaemia,  so  that  the  blood 
count  taken  immediately  after  the  hemorrhage  may  show  no  evidence 
of  anaemia.  When  the  secondary  equalization,  however,  occurs  and 
the  fluid  of  the  tissues  is  absorbed  by  the  capillaries  a  progressive  de- 
terioration of  the  blood  by  dilution  ensues.  It  is  not,  however,  until 
some  hours'  after  the  hemorrhage  that  the  anaemia  reaches  its  maxi- 
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mum.  In  most  instances  of  severe  but  not  extreme  liemorrliage  the 
number  of  corpuscles  sinks  to  3,000,000  or  at  most  2,000,000  per 
cubic  millimetre  and  the  hsemoglobin  to  approximately  equal  propor- 
tions, although  there  is  usually  here  as  in  other  forms  of  sympto- 
matic anaemia  a  greater  reduction  of  coloring  matter  than  of  blood 
cells.  The  specific  gravity  of  the  blood  decreases  and  the  amount  of 
solid  residue  falls  below  the  normal.  In  extreme  hemorrhagic  anae- 
mias the  number  of  corpuscles  may  sink  below  1,000,000,  as  in  a  re- 
cent case  under  mj  own  observation  of  hsematemesis  due  to  cirrhosis 
of  the  liver  in  which  the  number  of  red  corpuscles  was  800,000  and 
the  haemoglobin  fourteen  per  cent,  of  the  normal.  The  red  corpuscles 
usually  show  striking  variations  in  size,  and  nucleated  corpus- 
cles are  more  or  less  abundant,  the  smaller  forms  or  normoblasts  as 
a  rale  predominating  greatly.  The  white  corpuscles  are  usually 
increased  (see  Leucocytosis)  and  the  blood  plaques  may  be  very 
numerous. 

Chemically  the  blood  shows  decrease  of  albuminous  matter  (hyp- 
albuminosis,  Schmidt)  and  increase  of  saline  constituents,  notably 
phosphate  and  chloride  of  sodium.  The  regeneration  of  the  blood 
after  hemorrhages  may  be  rapid,  but  is  usually  quite  slow  in  cases 
in  which  the  loss  of  blood  has  been  considerable,  the  typical  condi- 
tions of  regeneration  being  apparent,  viz.,  comparatively  rapid  in- 
crease of  corpuscles  and  slow  augmentation  of  the  hEemoglobin.  The 
actual  time  consumed  in  the  regeneration  varies  greatly  in  different 
individuals.  The  recovery  from  a  single  hemorrhage  may  occur  in  a 
few  days  or  a  week  or  not  for  three  or  four  or  even  six  or  seven  weeks. 

Parasites. — Yarious  forms  of  parasitic  anaemia  have  been  recog- 
nized. The  malarial  organism  is  an  example  of  direct  parasitic  in- 
vasion, in  which  the  anaemia  is  largely  due  to  the  multiplication  of 
the  organism  within  the  blood  or  circulation  and  the  consequent 
destruction  or  consumption  of  corpuscles.  In  another  group  of 
cases  the  parasites  occupy  the  gastrointestinal  tract  and  produce 
anaemia  indirectly.  Among  this  group  are  Ankylostomum  duode- 
nale,  Bothriocephalus  latus,  Anguilula  intestinalis,  and  less  fre- 
quently various  forms  of  Taenia,  Ascaris  lumbricoides,  and  even  the 
Oxyuris  vermicularis.  The  fluke  worms  Distoma  pulmonalis  and 
Distoma  haematobium,  and  the  Filaria  sanguinis  hominis  may. 
indirectly  occasion  anaemia  by  hemorrhage  or  the  disease  dependent 
upon  their  invasion.  The  most  intense  anaemias  are  those  occasioned 
by  the  ankylostomum  and  bothriocephalus.  In  the  case  of  the 
former  of  these  it  has  been  held  that  the  loss  of  blood  directly  occa- 
sioned by  the  parasite  is  the  cause  of  the  anaemia.  This  view,  how- 
ever, may  be  doubted,  since  intense  anaemia  may  occur  in  instances  in 
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which  the  number  of  parasites  is  very  inconsiderable.  On  the  other 
hand,  large  numbers  of  ankylostoma  may  cause  no  anaemia  at  all. 
Further,  the  character  of  the  auirmia  is  often  unlike  that  met  with  in 
cases  of  manifest  post-hemorrliagic  au.ep.iia  and  analogy  drawn  from 
the  anaemic  conditions  due  to  other  parasites  or  gastrointestinal 
diseases  leads  to  the  conviction  that  the  anaemia  of  ankylostomiasis 
is  not  post-hemorrhagic  in  character.  In  the  case  of  the  bothrioceph- 
alus  there  is  no  loss  of  blood  at  all  and  the  anaemia  may  be  quite 
as  intense  as  in  cases  of  ankylostomiasis.  Recently  the  opinion  has 
gained  ground  and  seems  justified  that  these  parasites  cause  anaemia 
by  direct  interference  with  the  digestive  process  or  by  the  formation 
of  poisons  either  directly  or  in  consequence  of  disease  or  decomposi- 
tions of  the  parasite  itself.  The  milder  grades  of  anaemia  are  doubt- 
less due  to  disturbances  of  the  gastrointestinal  functions  and  to  diar- 
rhoea. The  Megastoma  entericum,  the  amoebae,  and  the  monadines 
among  the  lower  parasitic  forms  may  occasion  considerable  anaemia 
by  their  direct  effect  upon  the  mucous  membrane  (gastrointestinal 
catarrh,  ulceration,  hemorrhages). 

Infectious  Diseases. — Both  the  acute  and  chronic  infections  are 
prone  to  cause  deterioration  of  the  blood,  this  being  probably  due  to 
direct  action  of  the  micro-organisms,  as  is  undoubtedly  the  case  in 
malaria,  or  to  the  haemolytic  or  globulicidal  effect  of  toxins  or  other 
substances  arising  in  the  course  of  infectious  diseases.  During  the 
progress  of  the  disease  anaemia  may  not  be  marked,  and  indeed  the 
number  of  corpuscles  is  not  rarely  normal  or  even  increased  beyond 
the  normal.  This  may  be  accounted  for  by  the  fact  that  disturbance 
in  the  distribution  of  water  within  the  economy  leads  to  inspissation 
of  the  blood.  A  decided  point  in  favor  of  this  view  is  the  almost 
invariable  occurrence  of  more  or  less  anaemia  after  the  subsidence  of 
the  disease.  The  degree  of  anaemia  is  rarely  intense,  though  it  vn&j 
become  quite  marked  in  the  severer  forms  of  disease,  such  as  scarla- 
tina, rheumatism,  and  pyaemia.  In  malaria  the  anaemia  may  be 
rapidh^  developed  and  severe;  after  typhoid  fever  and  pneumonia 
the  degree  is  usually  moderate. 

More  pronounced  anaemias  are  met  with  in  the  chronic  infections. 
In  cases  of  syphilis  during  the  secondary  stage  there  is  sometimes  a 
considerable  degree  of  reduction  of  the  haemoglobin  without  a  corre- 
sponding reduction  in  the  number  of  corpuscles.  This  fact  was  first 
pointed  out  by  Eicord,  but  has  subsequently  been  confirmed  by 
numerous  observers.  It  is  true  not  only  of  the  secondary  stage  but 
also  of  tertiary  syphilis,  though  in  the  latter  the  chloroanaemic  type 
is  less  frequently  pronounced. 

In  congenital  syphilis  the  degree  of  anaemia  is  often  very  marked, 
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tlie  blood  presenting  appearances  at  times  like  those  of  clilorosis  or 
at  other  times  like  those  of  pernicious  anaemia.  The  red  corpuscles 
may  be  decidedly  altered  in  shape  and  size  and  nucleated  forms  may 
be  abundant.  The  number  of  leucocytes  is  frequently  increased  and 
sometimes  notably  so.  Differential  counts  of  the  leucocytes  some- 
times show  a  preponderance  of  the  mononuclear  forms,  and  myelo- 
cytes and  leucocytes  containing  basophilic  granulations  have  been 
observed.  Chronic  malaria  may  give  rise  to  intense  anaemia  and  a 
general  appearance  of  cachexia.  The  number  of  corpuscles  and  the 
amount  of  haemoglobin  are  greatly  reduced  and  pigment  particles  may 
be  observed  in  the  plasma  or  leucocytes  (see  Melanaemia). 

The  anaemia  of  tuberculosis  and  particularly  that  of  the  pulmonary 
form,  varies  considerably  in  character  and  intensity.  There  may  be 
extreme  anaemia  due  to  the  tuberculous  intoxication  alone,  but  in  most 
instances  the  associated  changes  with  the  consequent  disturbances  of 
organic  functions  and  secondary  infections  play  a  part  in  the  determi- 
nation of  the  anaemia  observed.  In  the  case  of  pulmonary  tuberculosis 
the  earlier  stage  when  the  primary  infection  has  occurred  may  be 
marked  by  a  moderate  degree  of  anaemia  of  chloroanaemic  type. 
Subsequently  the  character  of  the  blood  may  be  practically  normal, 
but  in  the  last  stages  when  softening  and  cavity  formation  with 
secondary  infection  have  occurred  the  condition  of  the  blood  may 
again  suffer  considerably  and  leucocytosis  which  is  usually  absent  in 
the  earlier  stages,  may  be  observed. 

Toxic  ^?icem{a.— Various  intoxications  arising  within  the  body  or 
conveyed  from  the  exterior  may  occasion  anaemic  conditions  of  the 
blood.  To  a  large  extent  the  anaemias  of  infections  or  of  gastro- 
intestinal and  nutritional  disease  are  due  to  the  action  of  poisons 
developed  within  the  body;  and  it  is  likely  that  autointoxication 
plays  a  more  important  part  in  the  development  of  certain  severe 
anaemias,  notably  pernicious  anaemia,  than  has  hitherto  been  believed. 
In  Addison's  disease  and  in  myxoedema  there  may  be  considerable 
anaemia,  which  in  these  cases  is  probablj^  dependent  upon  the  action 
of  toxic  substances  allowed  to  circulate  within  the  body  instead  of  be- 
ing neutralized  or  destroyed.  Poisons  introduced  into  the  system 
from  without  may  act  as  direct  haemolytic  agents,  or  as  causes  of  dis- 
turbance to  the  functions  of  various  organs,  so  as  to  produce  anaemia. 
Experimentally  certain  substances,  such  as  pyrogallol,  aniline,  nitro- 
benzol,  and  chromic  acid,  have  been  found  to  be  capable  of  producing 
intense  anaemia  by  direct  action,  while  chronic  plumbism  or  poisoning 
by  mercury,  zinc,  copper,  and  other  metallic  substances  may  occasion 
high  grades  of  anaemia  more  or  less  indirectly  by  their  effects  upon 
the  gastrointestinal  tract  or  upon  other  organs. 


SYMPTOMATIC  ANEMIA.  317 

Oi'ganic  Diseases  and  New  Growths. — Among  tlie  organic  diseases 
which  maj'  occasion  anaemia,  the  gastrointestinal  disorders  are 
prominent.  In  either  acute  or  chronic  catarrh  of  the  stomach  or  in- 
testines there  may  be  moderate  or  even  severe  anaemia,  according  to 
the  intensity  of  the  process.  Anaemias  of  this  description  are  par- 
ticularly common  in  children,  in  whom  they  may  reach  the  highest 
grades,  ancemia  gravis.  In  some  of  these  instances  marked  leucocy- 
tosis  may  be  associated.  The  association  of  atrophy  of  the  gastric 
and  intestinal  mucous  membrane  with  anaemia  will  be  more  particu- 
larly considered  in  the  discussion  of  pernicious  anaemia.  The  patho- 
genesis of  these  forms  of  anaemia  has  occasioned  considerable  dis- 
cussion, and  it  is  likely  that  autointoxication  plays  an  important 
part.  In  gastric  ulcer  and  in  carcinoma  of  the  stomach  or  intestines 
the  anaemia  may  become  severe,  especially  in  instances  in  which 
hemorrhages  have  occurred.  The  type  of  the  anaemia  in  these  con- 
ditions is  usually  marked  by  the  excess  of  the  reduction  of  haemo- 
globin over  that  of  the  corpuscles ;  but  the  number  of  red  cori^uscles 
is  usually  more  strikingly  affected  than  in  true  chlorosis  and  the  dis- 
proportion between  corpuscles  and  haemoglobin  accordingly  less 
marked.  This  is  seen  from  the  average  of  three  instances  of  ad- 
vanced anaemia  due  to  gastric  carcinoma  in  which  I  found  the  number 
of  corpuscles  to  be  2,890,000  (fifty-seven  per  cent.).  In  one  case  of 
gastric  carcinoma  under  my  observation  the  examination  of  the 
blood  showed  the  typical  features  of  pernicious  anaemia,  and  the  same 
condition  has  been  observed  by  others. 

Hepatic  disorders  rarely  occasion  severe  anaemia,  though  in  cases 
of  abscess  and  intense  jaundice  dependent  upon  biliarj-  obstructions 
or  hypertrophic  cirrhosis  a  considerable  degree  of  anaemia  may  occur. 
Experimentally  bile  is  known  to  have  globulicidal  properties,  and  in 
severe  jaundice  a  tendency  to  hemorrhage  is  not  infrequently  ob- 
served. 

Circulatory  disease  may  be  attended  with  marked  anaemia,  though 
the  majority  of  instances  present  little  deterioration  of  the  blood  and 
the  number  of  corpuscles  may  be  actually  above  the  normal.  In  con- 
genital cardiac  disease  with  cyanosis,  the  number  of  corpuscles  may 
reach  8,000,000  per  cubic  millimetre,  and  in  any  case  loss  of  compen- 
sation may  lead  to  a  similar  though  less  marked  increase  in  the 
number  of  corpuscles.  When  the  compensation  is  permanently  dis- 
turbed there  is  usually  a  more  or  less  hydraemic  state  of  the  blood  or 
the  examination  may  show  no  evidence  of  anaemia.  In  my  own  ex- 
perience the  most  striking  anaemia  occurs  in  cases  of  aortic  regurgi- 
tation. In  aortic  stenosis  the  patient's  appearance  is  frequently 
deceptive,  the  pallor  being  due  rather  to  vasomotor  conditions  than 
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to  an  actual  state  of  tlie  blood.  Acute  cardiac  affections  (endocar- 
ditis, pericarditis)  influence  the  blood  as  tlie  acute  infectious  diseases. 

In  renal  disease  the  appearance  of  the  patient  is  often  deceptive, 
the  condition  of  the  blood  being  frequently  normal  or  nearly  normal 
despite  extreme  pallor.  This  is  particularly  true  of  parenchymatous 
nephritis.  Marked  anaemia  may,  however,  occur  in  acute  or  chronic 
cases  in  which  the  loss  of  blood  and  albumin  through  the  kidneys  is 
considerable,  and  in  cases  of  chronic  interstitial  nephritis  in  the  later 
stages.  In  one  instance  of  the  last-named  variety  under  my  observa- 
tion there  was  extreme  reduction  of  the  hsemoglobin  (twenty  to  twenty- 
five  per  cent.)  and  of  the  corpuscles  (forty  per  cent.)  with  moderate 
jaundice  and  other  evidences  of  intense  anaemia.  The  chemical  al- 
terations of  the  blood  in  nephritis,  and  particularly  in  uraemia,  have 
not  been  satisfactorily  determined.  There  is  undoubtedly  an  in- 
crease of  urea  and  of  potassium  salts  in  some  instances  and  the  uric 
acid  or  other  constituents  of  the  blood  may  be  augmented.  The 
corpuscles  themselves  show  the  characters  met  with  in  other  anaemias. 
The  occurrence  of  myelocytes  has  been  occasionally  noted. 

Certain  nervous  diseases,  such  as  chorea,  spinal  degenerations,  or 
dementia,  may  be  attended  by  anaemia,  but  the  latter  is  rarely  marked. 

The  chronic  nutritional  diseases,  osteomalacia,  rickets,  gout, 
obesity,  diabetes,  myxoedema,  and  Addison's  disease  may  be  accom- 
panied by  more  or  less  anaemia,  but  this  is  rarely  marked  excepting  in 
the  case  of  rickets.  Rachitic  children  often  present  intense  anaemia, 
partly  the  result  of  the  general  disease  and  partly  no  doubt  the  con- 
sequence of  gastrointestinal  complications.  The  number  of  the  cor- 
puscles has  frequently  been  found  below  1,500,000  and  may  sink  to 
500,000.  The  corpuscles  themselves  present  marked  alterations  in 
size  and  form,  and  nucleated  red  corpuscles  are  abundant.  Aug- 
mentation of  the  white  corpuscles  is  quite  frequent  and  may  reach 
marked  proportions. 

Malignant  tumors  occasion  more  or  less  anaemia,  according  to 
their  situation  and  according  to  the  occurrence  or  the  absence  of 
hemorrhage.  Carcinoma  of  the  pylorus  with  or  without  hemor- 
rhage and  uterine  cancer  attended  with  hemorrhage  lead  to  the  most 
pronounced  forms  of  anaemia.  Not  rarely  this  is  of  the  pseudo- 
chlorotic  type,  as  has  already  been  pointed  out.  The  corpuscles 
present  no  characteristic  feature,  though  the  occurrence  of  leucocy- 
tosis  with  predominance  of  mononuclear  forms  may  be  met  with  in 
either  sarcoma  or  carcinoma,  and  the  presence  of  myelocytes  has 
been  urged  as  an  evidence  of  metastasis  to  the  bone  marrow  in  cases 
of  cancer.  Chemically,  the  presence  of  notable  quantities  of  sugar 
in  the  blood  is  significant  as  indicating  carcinoma. 
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The  Condition  of  the  Blood. 

The  state  of  tlie  blood  iu  the  symi)tomatic  . anaemias  is  dependent 
upon  the  degree  of  the  anemia  more  than  upon  the  underlying  cause. 
Minor  dijfferences  have  been  alluded  to  in  the  review  of  the  various 
conditions  with  which  anaemia  is  associated,  but  the  more  important 
features  must  be  considered  further.  In  all  cases  there  is  a  reduction 
in  the  amount  of  haemoglobin  which  progresses  more  or  less  regularly 
and  which  may  reach  extremely  high  grades  in  severe  cases.  In  or- 
dinary- instances  the  proportion  determined  by  Fleischl'shgemometer 
varies  from  60  to  70  or  75  per  cent. ;  in  severe  cases  it  falls  to  40  or  50 
per  cent.,  and  sometimes  the  amount  may  be  reduced  to  15  or  20  per 
cent.  "Saking  blood  examinations  of  one  hundred  consecutive  cases 
of  gastiic,  intestinal,  cardiac,  nervous,  pulmonary,  and  intestinal 
diseases  iu  which  a  certain  degree  of  pallor  led  to  examination  of 
the  blood,  I  found  the  average  percentage  of  haemoglobin  to  be  74 ; 
but  among  these  cases  there  were  a  number  in  which  the  proportion 
was  far  below  the  average,  some  of  them  being  as  low  as  30  or  40 
per  cent,  of  the  normal.  The  number  of  corpuscles  does  not  decrease 
as  greatly  as  does  the  proportion  of  haemoglobin,  and  in  many  in- 
stances the  corpuscular  richness  is  actually  normal  or  even  above  the 
normal.  Formerly  it  was  held  by  some  that  symptomatic  anaemias 
are  characterized  by  an  equal  reduction  in  the  number  of  corpuscles 
and  in  the  percentage  of  haemoglobin.  This,  however,  as  has  just 
been  stated,  is  incorrect,  the  rule  being  that  the  haemoglobin  suffers 
greater  reduction  than  the  corpuscles.  The  disproportion,  however, 
in  most  instances  is  onlj'  slight,  as  may  be  seen  from  the  fact  that  in 
the  average  of  the  hundred  cases  alluded  to,  the  proportions  were 
88.6  per  cent,  (corpuscles)  and  76.4  per  cent,  (haemoglobin).  There 
are  numerous  instances,  however,  in  -which  the  disproportion,  is  as 
great  as  that  met  with  in  typical  cases  of  chlorosis,  such  instances 
occurring  with  particular  frequency  in  cases  of  tuberculosis,  syphilis, 
rickets,  and  carcinoma.  These  cases  have  been  appropriately  termed 
chloroanaemia. 

The  indi^-idual  red  corpuscles  vary  considerably  from  the  normal. 
In  most  instances  in  which  the  anaemia  is  at  all  severe  irregularity  in 
the  size  of  the  corpuscles  is  striking,  and  the  small  forms  or  micro- 
cytes  may  be  quite  abundant.  The  large  forms  or  megalocytes  are 
less  frequently  met  with,  though  they  are  not  particularh-  uncommon 
in  severe  cases;  and  nucleated  erythrocytes  are  met  with  in  the 
severest  forms  of  symptomatic  anaemia,  especially  in  those  which 
have   developed  rapidly.      In  post-hemorrhagic  anaemia  thej  may 
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form  a  striking  feature;  and  tliey  are  particularly  abundant  in  the 
anaemias  of  young  children,  being  rarely  absent  in  cases  of  even  ordi- 
nary grade  in  children  below  the  age  of  five.  The  small  forms  or 
normoblasts  are  most  abundant,  but  the  larger  forms  (megaloblasts) 
are  not  unusual.  Mitotic  figures  or  fragmentation  of  the  nuclei  of 
the  red  corpuscles  may  sometimes  be  observed,  especially  in  children. 
Degenerative  changes  of  the  protoplasm  of  the  red  corpuscles  have 
been  described  by  various  authors,  paricularh^  the  condition  known 
as  polychromatophilia,  in  which  the  corpuscles  become  stained 
purplish  by  mixtures  of  eosin  and  hsematoxylon  or  methyl  blue  in- 
stead of  assuming  the  single  color  (pink)  characteristic  of  the  normal 
red  cell.  Other  variations,  such  as  the  slighter  degenerative  changes 
of  Maragliano,  may  be  observed,  but  the  significance  of  these  is 
somewhat  doubtful. 

Herz,  Kraus,  and  others  have  recently  contributed  investigations 
which  would  indicate  that  the  red  corpuscles  at  times  undergo  a 
more  or  less  uniform  swelling,  probably  dependent  upon  hydropic 
conditions,  and  of  acute  or  chronic  character,  according  to  the  nature 
and  cause  of  the  anaemia.  The  former  observer  found  acute  swelling 
of  the  corpuscles  in  typhoid  fever  and  peritonitis,  and  after  hsemopty- 
sis;  among  the  causes  of  chronic  swelling  of  the  corpuscles  were 
various  forms  of  cachectic  angemia. 

The  leucocytes  may  present  no  variation  from  the  normal,  or,  on 
the  other  hand,  may  be  increased  in  number.  Yery  rarely  they  are 
decreased  below  the  normal.  In  the  toxic  and  infectious  varieties  of 
symptomatic  anaemia  there  is  usually  a  moderate  leucocytosis,  while 
in  the  more  chronic  cachectic  conditions  (notably  malignant  tumors) 
there  may  be  a  continuous  and  sometimes  considerable  increase  in 
the  number  of  leucocytes.  In  such  cases  the  differential  count  may 
also  show  variations  from  the  normal,  the  mononuclear  elements,  par- 
ticularly the  small  lymphocytes,  tending  to  become  more  numerous. 

Chemical  Changes. — The  most  important  alterations  of  the  com- 
position of  the  blood  in  symptomatic  anaemias  are  the  decrease  in 
albumin  and  the  increase  in  the  amount  of  water.  Both  of  these 
alterations  correspond  with  the  reduction  in  the  specific  gravity. 
The  alkalinity  of  the  blood  is  usually  diminished,  though  it  may  be 
normal  and  is  never  decidedly  altered.  The  saline  constituents,  par- 
ticularly the  potassium  and  sodium,  are  of  particular  interest,  nearly 
aU  recent  observers  having  found  that  there  is  a  uniform  diminution 
in  the  quantity  of  potassium  and  an  increase  in  the  amount  of  sodium. 
The  increased  amount  of  the  latter  substance  was  first  pointed  out 
by  Becquerel  and  Eodier  and  subsequently  by  a  number  of  authors. 
Eecently  the  subject  has  been  studied  with  great  care  by  Biernacki, 
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and  it  is  evident  from  his  observations  as  well  as  from  those  of 
others  that  the  increased  amount  of  sodium  is  commensurate  with 
the  increased  hydrsemia  of  the  blood. 

As  a  rule  the  quantity  of  potassium  decreases  in  correspondence 
with  the  increase  of  sodium  chloride  and  corresponds  with  the  reduc- 
tion in  number  of  the  corpuscles. 

The  phosphoric  acid  of  the  blood,  according  to  Biernacki,  is 
usually  reduced,  though  other  observers  have  found  it  increased. 

The  amount  of  iron  discovered  by  chemical  analj-^sis  does  not 
always  correspond  to  the  apparent  reductions  determined  by  estima- 
tions of  the  haemoglobin.  Becquerel  and  Eodier  and  other  chemical 
investigators  found  the  quantity  reduced  in  anjemia,  but  Biernacki, 
though  he  has  substantiated  these  results  in  a  measure,  has  found 
that  the  reduction  is  only  trivial  in  many  cases  and  that  in  com- 
parison with  the  solid  matter  of  the  blood  in  general,  it  is  often 
increased. 

Symptoms. 

The  symptoms  in  the  case  of  symptomatic  anaemias  are  often 
slight  and  may  be  entirely  independent  of  the  condition  of  blood. 

The  general  appearance  of  the  patient  is  more  or  less  character- 
istic. The  skin  grows  more  and  more*pallid  until  in  severe  cases  it 
presents  a  deathly  whiteness.  In  other  cases  it  is  yellowish  or  gray- 
ish and  unhealthy  in  appearance,  while  dusky  rings  may  be  noted 
about  the  eyes.  Occasionally  there  is  a  distinct  icteric  hue,  as  in 
pernicious  anaemia,  but  this  is  rarely  marked.  No  opinion  can  be 
formed  of  the  degree  of  anaemia,  nor  indeed  even  of  its  existence  by 
this  pallor.  In  some  persons  there  is  an  habitual  light  color  of  the 
skin  which  is  easily  mistaken  for  anaemia  if  this  fact  is  not  borne  in 
mind,  and  on  the  other  hand  there  are  individuals  in  whom  the  color 
of  the  cheeks,  lips,  and  other  mucous  membrane  is  constantly  vivid 
despite  the  existence  of  considerable  anaemia.  The  same  may  be 
said  of  the  conjunctivae. 

Emaciation  is  usually  present  in  moderate  degree,  but  is  for  the 
most  part  dependent  upon  the  underlying  causes  of  the  anaemia 
rather  than  upon  the  condition  of  the  blood  itself.  Subcutaneous 
oedema  may  be  noted  about  the  ankles,  especially  towards  night,  or 
when  the  patient  has  been  active  beyond  his  strength.  Puffiness  of 
the  eyelids  or  of  the  cellular  tissues  beneath  the  eyes  may  occur  and 
sometimes  there  is  extensive  anasarca.  The  latter,  however,  is  quite 
rare. 

The  skin  is  usually  dry  and  often  quite  harsh.  On  the  contrary 
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it  is  occasionally  noted  tliat  tlie  patient  •  perspires  more  freely  than 
normally  and  copious  sweats  may  occasionally  occur. 

Gastrointestinal  disorders  are  extremely  common.  One  of  the 
earliest  symptoms  is  usually  failure  of  appetite  with  or  without  de- 
cided disturbances  of  digestion.  The  tongue  is  coated  and  the  breath 
is  usually  heavy.  Constipation  may  prove  a  most  troublesome 
symptom,  while  in  rare  instances  there  is  a  tendency  to  periodic 
attacks  of  diarrhoea. 

Circulatory  disturbances  may  mark  the  onset  of  the  symptoms 
and  are  usually  prominent  throughout  the  course  of  the  case.  The 
heart  action  is  rapid  and  the  pulse  weaker  than  normal.  Physical 
examination  may  determine  some  enlargement  of  the  cardiac  cham- 
bers, and  ansemic  murmurs  may  be  heard  at  the  base  of  the  heai"t  and 
in  the  vessels  of  the  neck.  These,  however,  are  much  less  frequent 
than  in'  cases  of  chlorosis  or  pernicious  auEemia.  The  most  striking 
symptom  is  palpitation,  which  occurs  in  nearly  all  cases  in  which 
anaemia  is  decided,  coming  on  with  every  exertion  or  on  slight  emo- 
tional disturbance.  In  the  later  stages  the  cardiac  power  may  fail 
very  greatly  in  consequence  of  cardiac  dilatation,  and  the  dropsy  pre- 
viously existing  from  the  anaemic  condition  of  the  blood  becomes 
greatly  augmented.  Serous  effusions  may  sometimes  occur  in  the 
internal  ca\ities. 

The  general  condition  of  the  patient  is  one  of  more  or  less  pro- 
nounced depression.  He  complains  of  growing  weakness  and  of  con- 
stant languor.  Yery  commonly  the  sleep  is  disturbed  by  unpleasant 
dreams  or  the  patient  may  be  entirely  sleepless.  On  the  other  hand,' 
there  are  instances  in  which  the  patient  rouses  himself  with  difficulty 
from  the  tendency  to  continuous  somnolence.  Einging  in  the  ears, 
vertigo,  and  a  proneness  to  syncopal  attacks  give  evidence  of  a  defi- 
ciency of  the  cerebral  circulation ;  while  the  failure  of  peripheral  cir- 
culation is  denoted  by  complaint  of  cold  feet  and  hands,  or  of  a  ten- 
dency to  take  cold  on  slight  exposure. 

Neuralgic  disturbances  are  very  common,  and  the  statement  of 
Komberg  that  neuralgia  is  a  cry  of  the  nerves  for  better  blood  receives 
a  certain  justification  from  the  frequency  of  these  conditions  in  anse- 
mic  persons.  The  underlying  diseases,  however,  rather  than  the 
disorder  of  the  blood,  are  frequently  the  cause  of  these  symptoms. 
Headache  is  a  common  symptom  and  may  be  dependent  upon  the 
ansemia  alone  or  upon  gastrointestinal  disturbances  occurring  in 
consequence  of  the  anaemia.  In  children  it  may  prove  a  distressing 
symptom  and  the  cause  may  easily  be  overlooked. 

Acute  post-hemorrhagic  anaemia  is  marked  by  sudden  pallor,  with 
failing  circulation,  dyspnoea,  and  a  tendency  to  syncope  and  uncon- 
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sciousuess.  If  the  hemorrhage  is  slight  tliese  symptoms  are  tran- 
sient, but  when  severe  losses  of  blood  have  been  sustained  they  may 
increase  in  severity  and  continue  to  a  fatal  issue.  In  cases  in  which 
repeated  slight  hemorrhages  have  occurred  the  patient  grows  more 
and  more  i)allid,  and  not  rarely  presents  a  somewhat  yellowish  color 
of  the  skin  and  conjunctiva?.  Tlie  circulation  becomes  feeble,  and 
the  pulse,  though  often  quite  full,  is  usualh'  easily  compressible; 
puffiuess  or  actual  oedema  is  not  unusual. 

The  urine  is,  as  a  rule,  normal,  though  the  saline  constituents  and 
the  urea  are  often  reduced  in  amount.  The  color  may  be  lighter 
than  normal  and  the  (quantity  of  the  urine  is  not  rarely  increased. 
The  latter  is  particularly  true  of  cases  in  which  secondary  nervous 
manifestations  are  developed.  In  such  instances  there  may  at  times 
be  decided  excess  in  the  amount  of  urine  secreted.  Slight  albumin- 
uria is  sometimes  met  with,  but  casts  are  unusual,  and  actual  ne- 
jjhritis  very  rarely  develops  in  consequence  of  the  ansemia  itself. 

Disorders  of  the  respiration  of  a  serious  character  are  unusual, 
biit  dyspnoea  is  very  commonly  met  with  and  may  be  pronounced. 
In  some  cases  there  is  a  harassing  dry  cough,  while  in  others  actual 
bronchitis  is  observed. 

Severe  manifestations,  such  as  hemorrhage,  are  rarely  met  with 
in  symptomatic  anaemias,  though  occasionally  epistaxis  maj^  occur 
from  time  to  time,  and  in  unusual  instances  more  serious  hemorrhages 
may  take  place  (haematemesis,  haemox)tysis,  h?ematuria). 

Menstrual  disorders  are  very  frequent,  particularly  in  women 
approaching  the  climacteric;  the  most  common  are  dysmenorrhoea 
and  scanty  menses,  but  occasionally  profuse  bleeding  may  be  noted. 

COUESE    AND    PkOGNOSIS. 

The  course  and  prognosis  of  symptomatic  anaemias  depend  en- 
tirely upon  the  underh'ing  cause.  Left  to  itself  the  condition  of  the 
blood  may  grow  steadily  worse  until  high  grades  of  deterioration  are 
witnessed ;  but  very  rarely  does  this  become  sufficiently  marked  to 
constitute  a  serious  danger. 

Diagnosis. 

The  recognition  of  anasmia  is  always  easy.  Sometimes,  however, 
it  is  difficult  to  distinguish  between  symptomatic  anaemias  and  the 
so-called  primary  anaemias,  particular!}'  chlorosis  and  pernicious 
anaemia. 

Attention  has  been  called  in  the  discussion  of  the  etiology  to  the 
diseases  in  which  the  blood  assumes  a  chlorotic  character.     The  diag- 
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nosis  iu  such  cases  cannot  be  made  hx  an  examination  of  the  blood 
alone.  It  is  only  after  a  careful  scrutiny  of  the  onset  of  the  disease 
and  its  course,  together  with  a  minute  examination  of  the  possible 
causes  of  secondary  ansemia,  that  the  latter  may  be  excluded  and  the 
condition  be  recognized  as  one  of  true  chlorosis.  The  occurrence  of 
the  latter  condition  in  young  girls  and  its  association  ^vith  distinct 
menstrual  disorders  aid  greatly  in  the  recognition  of  this  disease, 
and  the  diagnosis  of  chlorosis  at  other  ages  or  in  the  male  subject 
cannot  be  made  without  the  most  careful  consideration  of  the  pa- 
tient's history  and  general  condition. 

Pernicious  anaemia  is  less  commonly  simulated  by  symptomatic 
anaemias.  I  have,  however,  seen  instances  in  which  the  resemblance 
was  most  striking,  and  it  is  undoubtedly  true,  that  many  of  the  cases 
of  so-called  pernicious  anaemia  in  early  life  have  been  merely  instances 
of  intense  secondary  anaemia.  The  condition  of  the  blood  is  so  char- 
acteristic in  pernicious  anaemia  that  this  alone  suffices  in  most  in- 
stances to  establish  the  diagnosis.  In  the  rare  instances,  however,  in 
which  high  grades  of  microcythsemia,  macrocythaemia,  and  poiki- 
locythtemia  occur  in  secondary  anaemias  and  in  which  nucleated 
corpuscles  are  met  with,  the  general  condition  of  the  patient  and  the 
clinical  course  of  the  disease,  together  with  the  e^ddences  of  definite 
underlying  diseases  obtained  in  the  physical  examination,  must  be 
considered  in  making  the  diagnosis. 

It  was  formerly  held  that  the  blood  in  the  symptomatic  anaemias 
differs  from  that  of  chlorosis  or  pernicious  anaemia  in  showing  an 
equal  reduction  of  haemoglobin  and  red  corpuscles.  From  what  has 
been  already  stated  regarding  this  matter  it  will  be  seen  that  such  a 
view  cannot  now  be  entei*tained.  Indeed,  it  is  more  common  to  fijid 
an  excessive  reduction  of  hasmoglobin  than  a  diminution  of  equal  pace 
with  the  diminution  in  the  number  of  red  corpuscles ;  and  in  some  in- 
stances excessive  oligocyth^emia  may  occur  with  comparatively  mod- 
erate reduction  of  the  coloring  matter. 

Teeatment. 

The  management  of  anaemia  in  itself  must  always  take  second 
rank  to  the  treatment  of  the  underlying  affections.  In  some  cases, 
however,  when  the  latter  is  obstinate  and  uncontrollable,  ti-eatment 
directed  to  the  condition  of  the  blood  may  be  valuable  despite  the 
disease  which  has  occasioned  the  anaemia,  and  by  improving  the  state 
of  the  blood  may  render  effoi-ts  towards  controlling  the  original  dis- 
ease more  successful.  Among  the  remedies  of  greatest  usefulness, 
iron  and  arsenic  easily  take  the  first  place.     Iron  may  be  adminis- 
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tered  in  the  forms  iu  which  it  is  used  iu  the  treatment  of  chlorosis 
and  the  details  will  be  considered  in  that  place.  Among  the  more 
useful  forms  are  Blaud's  pills,  the  tincture  of  the  chloride  of  iron, 
reduced  iron,  and  some  of  the  vegetable  salts  such  as  the  oxalate,  ma- 
late,  or  ammoniocitrate.  Not  rarely  it  is  advantageous  to  combine 
stomachics  or  general  tonics  such  as  geutiau,  uux  vomica,  or  quinine ; 
and  constipation  must  always  be  obviated  by  the  occasional  use  of  sa- 
line aperients.  Combinations  of  rhubarb  or  aloes  with  iron  are  of 
particular  advantage  in  instances  in  which  the  constipation  tends  to  be 
obstinate.  Arsenic  is  most  frequently  used  in  the  form  of  Fowler's 
solution,  given  alone  or  in  combination  with  iron.  The  addition  of 
arseniate  of  potassium  or  sodium  to  Blaud's  pill  is  advisable  in  all 
cases  in  which  a  long-standing  anasmia  has  existed,  as  in  cases 
of  ]:)ost-malarial  cachexia. 

When  the  patient's  general  condition  is  cachectic,  nutrient  and 
general  tonic  remedies  in  addition  to  iron  and  arsenic  are  employed 
with  advantage.  Among  these,  cod-liver  oil  in  emulsion,  and  phos- 
phorus or  iodine  iu  various  forms  prove  useful.  In  anaemic  and 
cachectic  children  the  syrup  of  the  iodide  of  iron  has  long  enjoyed  a 
high  reputation. 

Comi^lications  must  be  treated  as  they  arise,  but  for  the  most  part 
it  is  wise  to  refrain  from  multiplying  remedies.  The  diet  of  the  pa- 
tient and  the  details  of  his  general  life  require  regulation  in  accor- 
dance with  the  condition  which  has  occasioned  the  anaemic  state.  In 
most  instances  life  in  the  open  air,  sunlight,  and  moderate  exercise 
are  advantages  in  the  treatment  which  cannot  be  neglected. 

Post-hemorrhagic  anaemia  is  treated  in  the  same  manner  as  other 
cases  when  it  is  moderate  in  degree  or  slowly  developed.  In  the  acute 
cases  in  which  the  loss  of  blood  is  considerable,  measures  must  be 
instituted  to  prevent  anaemia  of  the  brain.  The  patient  must  be  kept 
in  a  horizontal  position  or  even  inverted  so  that  the  head  is  consider- 
ably lower  than  the  feet ;  bandages  may  be  applied  to  the  limbs  to 
force  the  blood  from  the  periphery  to  the  internal  organs ;  and  finally 
the  loss  of  blood  and  depletion  of  the  vessels  may  be  co;npensated  by 
hyjjodermic,  intravenous,  or  rectal  injections  of  saline  solutions.  In 
ordinary  practice  rectal  enemata  of  hot  water  or  saline  solutions  are 
most  readily  administered  and  the  passage  of  the  liquid  into  the  de- 
pleted vessels  occurs  with  great  rapidity.  Cardiac  stimulants,  such 
as  ether,  ammonia,  camphorated  olive  oil,  or  strychnine,  and  external 
heat  may  be  necessary  to  sustain  the  action  of  the  heart;  but  care  is 
to  be  exercised  in  cases  in  which  the  hemorrhage  itself  is  at  all  likely 
to  recur.  After  the  immediate  dangers  of  the  loss  of  blood  have  sub- 
sided, iron,  arsenic,  and  other  tonic  remedies  are  useful. 
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Chlorosis. 


Synonyins. — Clilorsemia ;  Chloransemia ;  Febris  alba;  Febris  seu 
Icterus  amantium;  Morbus  virgineus;  Foedi  yirginum  colores; 
Cachexia  wginum:  Bleichsucid  (Ger.);  cTdorose  (Fr.) ;  clorosi 
(Ital.) ;  clorosis  (Sijan.);  the  green  sickness. 

Definition. — Chlorosis  is  a  primary  or  essential  ansemia  dependent 
upon  retarded  hsematogenesis,  occurring  almost  exclusively  in  young 
girls  or  women,  and  characterized  by  peculiar  pallor  and  e^ddences  of 
anaemia  and  by  reduction  of  the  ciuantity  of  haemoglobin  and  to  a  less 
extent  of  the  number  of  corpuscles. 

Anaemic  conditions  are  occasionally  met  with  in  which  the  symp- 
toms and  the  condition  of  the  blood  are  cxuite  similar  to  those  ob- 
served in  chlorosis,  but  in  which  the  age  or  sex  does  not  correspond 
to  that  usually  observed,  and  in  which  there  is  an  underhdng  disease 
which  has  occasioned  the  anaemia.  Such  forms  of  anaemia  have  been 
met  with  in  tuberculosis,  cancer,  syphilis,  and  other  affections  and 
have  been  designated  by  the  name  chloroanaemia.  These  cases  are 
not  to  be  confused  with  chlorosis  proper,  and  are  not  comprehended 
in  the  definition. 

Etiology. 

Two  classes  of  causes  are  plainly  distinguishable  in  the  study 
of  the  etiology  of  this  disease.  In  the  first  place  we  recognize 
certain  fundamental,  constitutional,  or  essential  causes  which  predis- 
pose the  individual  to  this  form  of  disease  and  which  alone  maj^ 
suffice  to  cause  its  evolution.  These  cases  are  instances  of  spon- 
taneous chlorosis.  Secondly,  there  are  determining  or  exciting 
causes  which  may  or  may  not  occur  in  individual  cases,  but  which, 
when  present,  merely  serve  to  bring  into  activity  the  essential  defects. 

Among  the  essential  causes  sex,  age,  heredity,  and  certain  consti- 
tutional conditions  are  important. 

Sex. — Chlorosis  is  essentially  a  disease  of  the  female  sex,  as  the 
terms  Morbus  virgineus,  Obstructio  virginum,  etc.,  given  to  it  by 
the  older  \\T.'iters,  indicate.  The  disease,  however,  sometimes  occurs 
in  the  male  sex,  though  by  no  means  as  frequently  as  has  been 
claimed  by  some  authors.  Nonat,  for  example,  found  among  sixty- 
eight  cases  twenty-seven  boys.  Certainly  this  proportion  is  entirely 
erroneous,  though  the  claim  of  others  that  the  disease  never  occurs 
in  the  male  sex  is  also  fallacious.  Hayem  refers  to  a  family  in 
which  all  of  the  boys  were  affected.     I  have  seen  a  single  case. 
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Age. — Chlorosis  is  essentially  a  disease  of  the  age  of  puberty. 
Amoug  the  cases  analyzed  by  Immermanu  the  onset  was  i:)laced  be- 
tween the  ages  of  fourteen  and  twenty-four  years,  and  most  writers 
have  accepted  these  as  the  usual  limits.  Hayem  found  the  average 
onset  in  fifty-two  cases  to  be  seventeen  and  a  half  years.  In  my  own 
experience  the  age  of  onset  has  been  still  greater  than  this  by  a  year 
or  two.  The  period  of  onset  is  somewhat  determined  by  the  age  at 
which  the  menstrual  function  begins.  Thus  Hayem  found  that  it 
occurred  about  three  years  after  the  first  menses.  The  early  occur- 
rence of  meusti'uation  (at  twelve  or  thirteen  years)  before  the  develop- 
ment of  the  breast  or  pubes  is  usually  accompanied  by  a  teudencj"  to 
the  disease  (Niemeyer).  Chlorosis  sometimes  occurs  in  children  be- 
fore pubert}-,  as  in  the  cases  of  Nonat,  Cantrell,  Forster,  and  Bec- 
querel,  and  sometimes  it  occurs  in  more  advanced  years  (late 
chlorosis,  chlorosis  tarda). 

Heredity. — Undoubtedly  a  strong  predisposition  to  this  disease 
exists  in  certain  families.  Marshall  Hall,  Nonat,  Kech,  Potain,  and 
Dejar  reported  instances  in  which  there  was  a  direct  transmission  of 
the  disease  by  a  chlorotic  mother  to  her  daughters.  Immermann  has 
reported  an  instance  in  which  all  the  members  of  a  family  were 
affected.  Probably  the  effect  of  direct  heredity  has  been  exaggerated, 
since  Hayem  did  not  find  mothers  and  daughters  affected  oftener 
than  once  in  twenty  cases.  Nevertheless  it  must  be  admitted  that 
there  is  a  certain  direct  hereditary  influence  in  some  instances. 

In  addition  to  the  direct  hereditary'  influence  it  has  been  found 
that  the  disease  very  commonly  occurs  in  association  with  other 
hereditary  aft'ectious  in  certain  families.  Trousseau  called  attention 
to  tuberculosis  and  Ashwell  discussed  the  probability  of  phthisis  be- 
ing the  consequence  of  chlorosis,  or  the  reverse.  Later  investigation 
has  shown  a  surprising  frequency  of  tuberculous  family  history  in 
this  disease.  Jolly  found  among  54  cases,  25  in  which  the  father  or 
mother  or  both  had  evidences  of  tuberculosis  and  7  in  which  an  uncle, 
aunt,  brother,  sister,  or  other  near  relative  had  been  affected,  while  8 
of  the  patients  gave  evidence  of  the  disease  in  their  own  persons. 
This  fact  has  been  thoroughly  established  by  the  investigations  of 
numerous  writers.  Another  disease  with  which  chlorosis  is  related 
in  the  hereditary  sense  is  hysteria,  and  other  forms  of  nervous  disease 
are  not  infrequently  found  recorded  in  the  family  histories  (Hayem, 
Eichhorst) . 

Cancer,  rickets,  rheumatism,  alcoholism,  gout,  and  various  other 
constitutional  diseases  have  been  noted,  but  certainly  play  an  inferior 
role. 

Constitution.— To  a  certain  extent  the  constitution  plays  a  part  in 


328  ^  STENGEL — DISEASES  OP  THE  BLOOD. 

the  occurrence  of  tlie  disease.  Not  rarely  it  has  been  observed  that 
the  patients  were  of  delicate  frame  and  generally  fragile.  Wunder- 
lich  held  that  the  disease  is  more  common  in  blondes  than  in 
brunettes,  but  as  it  occurs  in  southern  climates,  as  Italy,  Spain, 
etc.,  with  practically  the  same  frequency  as  in  northern  countries, 
Wunderlich's  statement  is  probably  ill  founded.  All  recent  writers 
have  noted  no  such  preponderance  among  light-haired  girls.  Neither 
can  it  be  said  that  chlorosis  is  essentially  a  disease  of  delicate  girls, 
since  it  is  sometimes  met  with  in  those  of  apparently  robust  consti- 
tution. A  certain  explanation  of  the  relation  of  constitution  to  the 
development  of  this  disease  is  furnished  by  the  discovery  of  Koki- 
tansky,  Yirchow,  and  others  that  there  is  a  condition  of  undevelop- 
ment  or  hypoplasia  of  the  heart,  blood-vessels,  and  genital  apparatus 
in  affected  persons.  This,  however,  is  by  no  means  invariable,  and 
sometimes  there  is  actually  hypertrophy  of  these  parts.  Neverthe- 
less the  occurrence  in  a  certain  proportion  of  cases  in  a  measure  ex- 
plains or  indicates  a  relation  existing  between  the  vascular  and  geni- 
tal apparatus  and  the  condition  of  the  blood. 

Among  the  auxiliary  or  exciting  causes  are  many  conditions 
affecting  the  environment,  the  habits,  and  general  health  of  the  indi- 
vidual. 

Season. — Cases  occur  at  all  seasons  of  the  year  and  but  little  in- 
fluence has  been  apparent  to  most  observers.  Murri,  however,  has 
described  cases  in  which  the  symptoms  were  limited  to  the  cold 
months  of  the  year,  disappearing  in  summer.  He  suggests  the  term 
chlorosis  hiemalis.  Rosenbach  discussed  the  same  question  before 
Murri  and  employed  the  t-erm  "winter  chlorosis."  Undoubtedly  the 
symptoms  are  often  exaggerated  by  cold. 

In  cases  marked  by  relapses'  the  latter  sometimes  occur  regularly 
in  the  early  months  of  the  year ;  but  in  such  cases  close  confinement 
during  the  winter,  overwork  at  school,  and  like  causes  seem  to  play 
a  part. 

Distribution. — Chlorosis  has  been  observed  since  the  earliest 
times  and  in  all  parts  of  the  world.  It  occurs  with  such  frequency 
everywhere  that  it  is  difficult  to  assert  that  it  is  more  common  in  one 
place  than  in  another.  Hirsch  has  pointed  out  that  it  is  growing 
in  frequency  since  the  beginning  of  the  century,  and  Huss  has  in 
particular  called  attention  to  the  increase  in  frequency  in  Sweden. 

Chlorosis  affects  girls  living  in  the  country  as  well  as  those  of  the 
cities,  and  though  it  has  been  claimed  by  some  that  the  former  are 
less  prone  to  it  than  the  latter  the  majority  of  authorities  have  found 
the  disease  quite  as  common  in  one  situation  as  in  the  other. 

Environment. — Undoubtedly  insanitary   surroundings  contribute 
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to  the  occurrence  of  the  disease,  which  in  found  very  frequently 
among  girls  engaged  in  factories  M-hich  are  badly  lighted  and  badly 
ventilated,  and  in  which  the  work  is  laborious.  These  conditions 
in  conjunction  with  insufficient  or  badly  prepared  food  or  a  toc^ 
great  monotony  of  diet  serve  to  bring  the  predisposition  into  opera- 
tion. It  must  be  remembered,  however,  that  chlorosis  frequently 
occurs  in  girls  surrounded  by  luxuries  and  whose  general  life  would 
seem  to  leave  nothing  to  be  desired.  In  these  cases,  however,  it  not 
infrequently  happens  that  close  scrutiny  will  determine  causes  of 
excessive  fatigue  or  vices  of  personal  hygiene,  overlooked  on  super- 
ficial examination.  Overwork  at  school,  or  the  exhaustion  resulting 
from  immoderate  dancing,  or  indulgences  of  other  kinds  maj'  ac- 
count for  such  cases,  and  the  diet  may  be  found  to  be  grossly 
improper  notwithstanding  the  surroundings  of  the  patient. 

On  the  other  hand,  sedentarj'-  habits  may  contribute  to  the  devel- 
opment of  some  of  the  cases,  and  the  same  cause  is  certainly  active  in 
girls  less  happily  situated  and  engaged  in  factories  and  other  occupa- 
tions. The  lack  of  exercise,  with  poor  appetite  and  want  of  fresh  air 
and  sunlight  in  these  cases  prove  quite  as  debilitating  as  the  fatigue 
of  over-exertion  in  other  cases. 

Not  rarely  nervous  impressions  or  influences  have  a  powerful 
effect  in  developing  the  disease,  and  from  the  first  writers  have  called 
attention  to  this  class  of  causes.  The  terms  icteims  amantiuin  and 
phthisis  nervosa,  languew\  and  others  are  sufficiently  expressive. 
Sauvage  distinguishes  among  his  five  forms  of  chlorosis  one  which 
he  designates  as  chlorose  jpar  amour.  Immermann  quotes  from  O^dd 
("Artis  Ama.torige,"  Lib.  I.,  v,  729)  :  "Palleat  omnis  amans;  hie  est 
color  aptus  amandi !"  Disappointed,  unrequited,  and  unhappy  love 
are  frequent  causes.  Other  forms  of  emotional  disturbance,  how- 
ever, are  not  wanting.  Sometimes  sudden  fright  causes  the  rapid 
development  of  the  disease,  as  in  a  girl  who  was  startled  at  seeing  a 
child  fall  into  water  and  at  once  became  cholortic.  In  other  cases 
prolonged  anxiety,  grief,  disappointment,  especially  when  combined 
with  ph^'^sical  causes  of  debility,  are  potent  influences.  Particular  at- 
tention should  be  called  to  homesickness,  a  cause  wdiich  is  frequently 
seen  among  the  servant  class,  and  which  has  occasioned  some  of  the 
most  severe  cases  of  the  disease  that  have  come  under  my  notice,  I 
would  cite  particularly  the  instance  of  two  sisters,  French  girls,  em- 
ployed as  maids,  who  developed  the  disease  shortly  after  their  arrival 
in  America,  and  grew  steadily  worse  until  their  return  home,  wdien 
immediate  recovery  ensued.  Subsequent  return  to  America  was  fol- 
lowed hy  similar  results.  Doubtless  in  such  cases  change  of  climate 
mav  exercise  a  certain  influence. 
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Pre-existing  Diseases. — Not  rarely  chlorosis  develops  after  certain 
general  diseases.  It  is  not  uncommon  to  find  it  in  girls  who  have 
passed  through  severe  attacks  of  infectious  fevers  or  other  forms  of 
illness.  Wasting  diseases,  particularly  when  prolonged,  and  preg- 
nancy and  lactation  are  occasionally  noted  as  etiological  factors. 
The  last-named  causes  may  determine  recurrences  of  the  disease  in 
women  who  suffered  with  it  in  early  girlhood,  or  may  cause  its  ap- 
pearance when  it  had  never  before  existed. 

Menstruation. — Disturbances  of  the  menses  have  been  recorded  as 
of  great  importance  in  the  development  of  the  disease.  It  is  more 
likely,  however,  that  these  are  the  result  than  the  cause.  Usually 
scanty  or  suppressed  menstruation  is  noted,  but  Trousseau  described 
instances  of  a  menorrhagic  form  of  the  disease.  It  is,  however,  rare, 
and  it  is  unlikely  that  the  losses  of  blood  act  in  any  way  as  the 
primary  factor,  though  they  may  contribute  to  further  deterioration 
of  the  blood.  Some  instances  of  sudden  chlorosis  following  suppres- 
sion of  the  menses  after  their  establishment  have  been  reported, 
but  other  causes  are  probably  operative  in  such  cases.  Further  dis- 
cussion of  this  question  must  be  reserved  for  the  following  section  on 
pathogenesis. 

History  ajsid  Pathogenesis. 

The  history  of  chlorosis  is  so  closely  connected  with  the  theories 
which  have  been  entertained  regarding  its  nature  that  both  may  well 
be  studied  together.  The  disease  has  been  recognized  from  the 
earliest  times  and  was  described  with  a  certain  amount  of  accuracy 
in  Hippocrates'  works  treating  of  the  affections  of  young  girls.  Sub- 
sequently descriptions  of  the  disease  were  given  by  all  of  the  sys- 
tematic writers  and  the  clinical  history  was  gradually  elaborated. 
The  name  chlorosis  was  first  applied  by  Yarandal  in  1620.  The 
watery  condition  of  the  blood  was  recognized  as  one  of  the  essential 
features  of  the  disease  by  Willis  in  1681,  and  Prevost  and  Dumas  and 
Denys  first  alluded  to  the  decreased  quantity  of  iron  found  in  this 
disease.  Juncker  and  Becquerel  and  Rodier  alluded  to  the  watery 
condition  of  the  blood,  looking  upon  hydrsemia  as  the  essential 
pathological  condition.  CuUen,  and  later  Andral  and  Gavarret,  noted 
the  decreased  number  of  the  red  corpuscles,  while  Duncan  was  the 
first  to  publish  accurate  estimations  and  demonstrate  the  decreased 
number  of  corpuscles  and  the  reduction  of  coloring  matter  or  haemo- 
globin. Quinquaud  further  investigated  the  question  of  the  quantity 
of  haemoglobin. 

The  ancient  writers,  beginning  with  Hippocrates,  looked  upon 
chlorosis  as  a  disease  in  some  way  dependent  upon  disturbance  of 
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meustruation.  Hipijocrates  attributed  it  to  tlie  retentioD  of  blood  in 
the  uterus  and  to  consec^uent  deterioration  of  the  general  blood  mass 
with  develoi)nient  of  the  general  appearances  of  the  disease,  and  this 
view  was  for  a  long  time  the  prevailing  o[)inion  of  medical  writers. 
Galen,  Mercatus,  and  later  Anibroise  Pare  and  Sydenham  expressed 
the  same  ojiiuion.  Lange  in  1520  wrote  of  the  disease  under  the 
name  of  Morbiifi  vlrgwens,  while  similar  titles  were  given  it  by  other 
writers.  In  the  present  century  Trousseau  was  a  strong  advocate  of 
the  theory  that  menstrual  disturbances  due  to  nervous  disorders  are 
imx'ortant  in  certain  cases,  and  Piokitansky  (1846)  and  Virchow 
(1856,  1870),  in  describing  the  hyi^oplasia  met  with  in  the  genital 
organs  in  this  disease,  further  asserted  the  importance  of  these  dis- 
turbances in  the  etiology  of  the  affection.  While  hyjioplasia  of  the 
vascular  system  has  often  been  found  in  association  with  the  genital 
hypoplasia,  the  latter  has  frequently  been  found  without  the  former, 
and  certain  authors' have  therefore  looked  upon  it  as  the  more  impor- 
tant condition.     Fraenkel  refers  to  it  as  a  primum  movens. 

The  frequent  occurrence  of  chlorosis  at  the  age  of  puberty  in  girls, 
and  the  almost  habitual  menstrual  disturbances  met  with  in  the  same 
individual  have  seemed  to  justify  a  certain  amount  of  credence  in  these 
theories,  but  a  closer  scrutiny  has  shown  that  the  disease  is  not  in- 
variably associated  either  with  organic  lesions  of  the  kind  indicated 
or  with  functional  disturbances  of  these  organs.  Moreover,  the 
undoubted  occurrence  of  the  disease  in  males  has  made  it  necessary 
to  seek  a  further  explanation  of  its  nature. 

Other  symptoms  frequently  prominent  are  those  manifesting 
themselves  in  various  nervous  disturbances,  and  the  theory  has  been 
entertained  that  derangement  of  the  nervous  system  is  the  primary 
and  underlying  pathogenic  factor.  Morton  described  it  under  the 
name  of  plitldsis  nervosa  and  Becquerel  referred  to  it  as  a  neurosis 
with  secondary  alterations  of  the  blood.  Trousseau  says  that  "  chlo- 
rosis should  be  looked  upon  as  a  nervous  affection  causing  alterations 
of  the  blood  rather  than  a  cachexia  jiroducing  disorders  of  the  ner- 
vous system."  A  number  of  authors  have  described  definite  lesions 
of  the  nervous  system,  such  as  diseases  of  the  sympathetic  nerves,  of 
the  pneumogastric,  of  the  spinal  cord,  or  of  other  parts  of  the  nervous 
system,  and  have  built  upon  this  various  theories  regarding  the 
origin  of  the  disease ;  while  most  writers  have  pointed  out  the  effect 
which  emotional  disturbances  exercise  in  the  production  of  the  dis- 
ease. Nevertheless  it  is  now  recognized  that  alterations  of  the  ner- 
vous system  or  functional  disturbances,  particularly  hysteria,  play  no 
part  in  the  etiology,  excepting  possibh'  as  predisposing  causes,  and 
in  many  cases  are  doubtless  entirely  secondary.     Very  recently  the 
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nervous  theory  has  been  in  a  measure  revived  by  some  who  maintain 
that  the  disease  is  due  to  displacement  of  the  abdominal  organs 
(splanchnoptosis),  causing  disturbances  of  the  abdominal  sympa- 
thetic system. 

A  vascular  theory  was  constructed  by  Virchow,  and  has  been 
maintained  uj)  to  the  present  day.  The  writer  named  pointed  out 
that  the  hy  j)oplasia  of  the  genital  apparatus  discovered  by  Kokitansky 
might  be  wanting  in  the  disease,  while  the  vascular  hypoplasia  is 
quite  common  if  not  constant.  In  particular  it  was  held  that  the 
hypoplasia  of  the  heart  and  blood-vessels  may  occur  without  any  lack 
of  development  of  the  genitalia,  or  sometimes  with  actual  over-devel- 
opment, though  at  times  with  associated  hypoplasia  of  these  parts. 
The  essential  lesion  was,  therefore,  thought  to  be  the  vascular  condi- 
tion. More  recent  investigators,  however,  have  described  cases  in 
which  the  hypoplasia  of  the  vascular  system  was  entirely  absent, 
and  Fagge  looked  upon  it  as  the  result  of  endocarditis  in  childhood 
and  as  unimportant  so  far  as  chlorosis  is  concerned.  It  has  been 
found  in  males  without  chlorosis,  but  in  whom  other  and  character- 
istic symptoms  of  the  condition  were  observed  (Fraentzel) . 

A  gastrointestinal  theory  has  been  entertained  in  consequence  of 
the  clinical  observations  of  dyspepsia,  constipation,  and  other  diges- 
tive symptoms,  and  as  a  result  of  the  discovery  of  organic  lesions  in 
the  gastrointestinal  tract. 

Hoffmann  was  the  first  to  announce  this  theory,  and  after  him 
Gardien,  Hamilton,  Bean,  Duclos,  and  others  expressed  similar 
views.  At  the  present  day,  however,  the  theory  is  most  intimately 
associated  with  the  name  of  Sir  Andrew  Clarke,  who  looked  upon 
the  affection  as  the  result  of  constipation  leading  to  the  absorption  of 
toxic  products  from  the  intestines — ^as  a  form,  in  other  words,  of 
autointoxication  or  coprsemia.  His  belief  in  this  view  was  so  thor- 
oughly grounded  that  he  held  that  if  a  single  remedy  were  to  be 
administered  in  the  treatment  of  the  disease  he  would  select  an 
aperient.  Stockman,  however,  pointed  out  that  Clarke's  aperient 
contained  considerable  quantities  of  iron  (as  much  as  eight  grains 
per  day)  and  that  the  clinical  deductions  based  upon  this  form  of 
treatment  therefore  lose  in  value. 

Bunge  and  Zander  have  recently  held  to  a  somewhat  modified 
theorj^  indicating  the  gastrointestinal  origin  of  the  disease.  According 
to  these  investigators  the  deficiency  of  hydrochloric  acid  in  the  gastric 
secretion  and  the  presence  of  excess  of  sulphuretted  hydrogen  in  the 
intestinal  tract  occasions  continuous  non-assimilation  of  iron  and  there- 
fore resulting  anaemia.  Bunge's  theory  in  particular  has  attracted  at- 
tention.    He  held  that  the  iron  supplied  to  the  organism  is  ordinarily 
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derived  from  the  ferruginous  nucleoalhumins  of  oggs,  milk,  and 
vegetables,  but  that  in  chlorosis,  in  consequence  of  abnormal  intes- 
tinal putrefaction,  a  combination  of  the  iron  with  sulphur  takes 
place  and  thus  progressive  iron  starvation  ensues.  He  further  held 
that  the  therapeutic  usefulness  of  iron  is  dejiendent  ujjon  the  fact 
that  the  iron  administered  enters  into  combination  with  the  sulphu- 
retted hydrogen  and  thus  permits  the  iron  of  the  nucleoalbumins  to 
be  absorbed  in  the  normal  manner.  This  theory,  however,  cannot 
be  entertained.  In  the  first  place,  it  has  been  shown  h\  Stockman 
that  administration  of  iron  in  the  form  of  the  sulphide  will  cure  the 
disease,  while  di'ugs  quite  as  capable  of  absorbing  H,,S  as  is  iron 
Avill  not  effect  a  cure ;  and  in  the  second  jjlace,  the  studies  of  Rethers 
and  Morner  have  proved  that  there  is  no  increase  of  the  aromatic  sul- 
phuric acids  of  the  urine  in  chlorosis  and  therefore  no  evidence  of 
intestinal  iDuti'ef action.  Finally,  the  reduction  of  hydrochloric  acid 
in  the  gastric  juice  which  Bunge  assumes  in  the  elaboration  of  his 
theory  is  not  constant,  if  indeed  it  be  frequent;  and  iron  is 
undoubtedly  absorbed  in  other  forms  than  as  nucleoalbumins. 

The  theory  that  chlorosis  is  an  inflammatory  condition  and  asso- 
ciated with  fever  was  a  favorite  one  with  some  of  the  older  writers, 
and  various  inflammatory  lesions  (of  the  uterus,  of  the  intestines, 
and  of  other  parts)  were  pointed  out:  Broussais  applied  his  favorite 
theory  of  \isceral  irritation  to  the  disease  and  attributed  the  phenom- 
ena of  the  affection  to  such  irritation. 

Finally,  chlorosis  has  been  looked  upon  as  an  affection  of  the 
blood  itself.  Ash  well  (1838)  was  the  first  to  enunciate  this  theory, 
looking  upon  the  disease  as  a  result  of  an*ested  development  or  as  a 
failure  of  proper  blood  formation.  This  view  has  been  subsequently 
expressed  by  a  number  of  authors,  notably  Xonat,  who  regarded  the 
disease  as  a  result  of  feebleness  of  sanguinification.  Germain  See, 
Hayem,  and  other  authors  express  somewhat  similar  ^dews. 

At  the  present  day  it  is  quite  generally  believed  that  chlorosis 
is  a  primary  or  essential  blood  disease  dejjendent  upon  disturbance 
of  the  h?emopoietic  function.  Some  investigators,  still  holding  to 
the  importance  of  gastrointestinal  disturbances,  have  sought  to 
prove  that  it  results  from  intestinal  intoxication  and  consequent 
blood  desti-uction.  This  view,  however,  cannot  well  be  maintained. 
Von  Xoorden,  who  has  recently  thoroughly  investigated  the  subject, 
has  sufficiently  proved  that  evidences  of  increased  haemolysis  are 
entirely  wanting.  It  is  quite  generally  admitted  that  the  quantity 
of  urobilin  excreted  in  the  urine  is  an  indication  of  the  quantity  of 
destruction  of  blood  taking  place  in  the  organism,  and  the  light  color 
of  the  urine  and  faeces,  as  well  as  the  small  quantities  of  urobilin 
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extracted  with  cliloroform  from  the  urine,  give  evidence  of  the  insig- 
nificant amount  of  blood  destruction  occurring  in  the  disease.  In 
the  accurate  analj^ses  of  Hoppe-Seyler  and  A.  E.  Garrod  urobilin 
was  found  decreased  below  the  normal  or  at  most  in  normal  quanti- 
ties. These  results  were  confirmed  by  the  investigations  of  v.  Noor- 
den,  and  according  to  this  investigator  the  absence  of  haemolysis  is 
still  more  striking  when  the  quantity  of  hydrobilin  or  urobilin  is 
estimated  in  both  the  urine  and  fseces.  Further,  the  examinations  of 
the  urine  give  no  evidence  of  increased  albuminous  consumption  as 
is  the  case  in  pernicious  anaemia,  malaria,  and  other  forms  of  anaemia 
in  which  the  evidences  of  haemolysis  are  striking.  It  must  be  con- 
cluded from  these  considerations  that  chlorosis  is  not  a  disease 
resulting  from  blood  destruction,  but  rather  from  imperfect  haemo- 
genesis.  The  ultimate  cause  and  nature  of  the  defective  haemogenesis 
are  as  yet  obscure.  The  occurrence  of  the  disease  in  girls  at  an  age 
when  great  demands  are  being  made  upon  the  general  vitality,  and 
the  presence  in  some  cases  at  least  of  evidences  of  imperfect  develop- 
ment suggest  that  the  disease  is  one  of  primary  and  essential  weak- 
ness of  the  blood-making  functions.  This  may  in  itself  suffice  to 
determine  the  development  of  the  malady,  or  contributing  causes, 
such  as  overwork,  fatigue,  nervous  disturbances,  and  the  like  may 
be  necessary  to  bring  the  underlying  defect  into  prominence. 

Pathological  Anatomy. 

In  general  it  may  be  said  that  lesions  of  the  solid  tissues  are 
exceptional  rather  than  usual  in  this  disease.  Opportunities  for 
pathological  study  are  so  rarely  obtained  tlmt  the  pathology  of  the 
disease  has  been  determined  with  considerable  difficulty  and  always 
in  cases  in  which  death  has  taken  place  from  intercurrent  disease. 
Secondary  and  unessential  changes  have  douWless  often  been  re- 
jjorted. 

Changes  in  the  Circulatory  System. — More  or  less  characteristic 
abnormalities  have  been  discovered  in  the  cardiovascular  system  and 
have  been  looked  upon  as  essential  in  the  etiology  and  pathogenesis 
of  the  disease.  Eokitansky  first  called  attention  to  the  fact  that  the 
heart  and  the  blood-vessels  are  frequently  undeveloped,  and  other 
observers  have  confirmed  this  observation,  though,  despite  the 
opinion  of  Virchow,  it  is  recognized  that  cardiovascular  hypoplasia 
is  not  invariable.  The  heart  may  be  small  and  firm,  the  muscular 
substance  and  the  endocardium  presenting  no  pathological  change. 
All  of  the  cavities  may  be  equally  reduced  in  size ;  or,  on  the  other 
hand,  there  may  be  dilatation  of  some  of  the  chambers,  notably  the 
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right  ventricle.  The  last  is  uudoubteclly  due  to  degenerative  weak- 
ening and  secondary  dilatation  of  the  wall  of  the  ventricle.  In  other 
cases  the  left  ventricle  is  also  dilated  and  the  auricles  may  be  greatly 
distended.  In  certain  cases  the  muscle  of  the  heart  has  been  found 
greatly  diseased,  small  grayish-yellow  spots  or  streaks  indicating 
l)arts  which  have  undergone  fatty  degeneration.  This  degeneration, 
however,  rarely  assumes  notable  proportions.  The  endocardium 
may  be  entirely  healthy  in  appearance,  but  more  commonly  it  has 
been  observed  that  the  lining  membrane  is  extremely"  thin,  trans- 
l)areut,  and  of  bluish-white  color.  Streaks  or  spots  of  fatty  degene- 
ration may  be  seen  in  the  endocardium  or  shining  through  the  latter 
from  the  underlying  muscle  fibres.  Virchow  has  called  attention  to 
the  tendency-  to  endocarditis,  and  Gilbert  has  particularlj-  noted  the 
occurrence  of  stenosis  of  the  mitral  valve.  Some  observers  have 
found  hypertrophy  of  the  heart  affecting  the  left  ventricle  or  the 
entire  organ.  The  cause  of  this  is  sometimes  difficult  to  determine. 
Sometimes,  as  in  the  remarkable  case  of  Lavinsky,  of  a  child  in 
whom  considerable  hypertrophy  of  the  heart  existed  v^dthout  val- 
vular disease,  it  is  due  to  a  narrowed  or  contracted  condition  of  the 
aorta  and  blood-vessels.  In  other  cases  it  is  probable  that  the  re- 
l)eated  attacks  of  palpitation  and  the  constant  overaction  of  the  heart 
lead  to  hypertrophy ;  while  in  still  others  the  coexistence  of  nephri- 
tis offers  an  explanation  of  the  cardiac  condition  (Bezangon) .  It  is 
unlikely  that  hydraemic  plethora  plays  any  part  in  the  development 
of  cardiac  hj-pertrophy. 

The  aorta  has  frequently  been  found  abnormal  and  in  particular 
smallness  or  contraction  (hypoplasia)  has  been  looked  uj)on  as  an 
important  pathological  lesion.  This  condition  has  been  regarded  as 
of  such  importance  that  the  term  aorta  chhroUca  is  sometimes 
applied.  The  entire  aorta  may  be  affected,  although  in  many  cases 
the  abdominal  portion  is  particularly  small.  The  root  of  the  artery 
may  be  so  reduced  in  diameter  that  it  scarcely  admits  the  little 
^uger,  and  frequently  the  abdominal  aorta  has  been  found  no  larger 
than  the  normal  femoral  artery  in  a  person  of  equal  size  and  age. 
Besides  the  smallness  of  the  artery  abnormal  elasticity  of  the  walls 
has  been  found  in  some  cases.  At  times  this  has  been  so  striking 
that  the  wall  of  the  artery  has  been  compared  to  rubber  from  its 
extreme  elasticity.  The  intima  resembles  the  endocardium,  being  of 
a  bluish-white  color  and  exceedingly  transparent.  It  is  commonly 
marked  by  yello-^-ish  elevated  portions  between  which  the  lining  of 
the  artery  has  the  bluish  color  described.  A  fine  network  of  light- 
colored  poi'tions  standing  out  in  relief  often  gives  the  interior  of  the 
artery  a  sieve-like  appearance. 
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Microscopic  examination  reveals  more  or  less  marked  evidences 
of  fatty  degeneration  in  the  elevated  portions  of  the  intima,  and  at 
times  the  same  process  extends  to  the  muscle  fibres  of  the  media  as 
well.  Finallj^  it  is  a  feature  of  the  chlorotic  aorta  that  the  inter- 
costal branches  are  irregular  in  distribution,  coming  off  at  irregular  in- 
tervals instead  of  regularly  in  pairs.  The  aorta  alone  may  be  affected 
or  other  arteries  may  be  involved  at  the  same  time.  The  arterial 
hj'poplasia  may  be  associated  with  cardiac  hypoplasia  or  maj^  be  en- 
tirely independent  of  the  latter. 

A  number  of  authors  have  alluded  to  the  frequency  of  thrombosis 
in  the  veins.  This  agrees  very  well  with  the  analysis  of  the  blood 
made  by  Becquerel  and  Rodier,  who  found  increased  quantities  of 
fibrin.  In  a  measure  it  may  also  be  dependent  upon  the  occurrence 
of  fatty  degeneration  of  the  intima  of  the  blood-vessels.  Proly  calls 
attention  to  the  fact  that  thrombosis  usually  occurs  after  fatigue,  and 
suggests  that  waste  products  may  enter  the  circulation  and  cause 
changes  in  the  vessel  walls.  Thrombi  have  been  found  in  the  pe- 
ripheral veins,  in  the  cardiac  chambers,  in  the  pulmonary  veins,  and 
particularly  in  the  sinuses  within  the  cranium.  In  a  remarkable  case 
of  Hull's,  thrombosis  extended  rapidly  from  the  small  saphenous 
vein  of  the  left  side  to  the  popliteal,  femoral,  common  iliac,  and  cava, 
and  to  the  large  trunks  of  the  right  side.  Serious  oedema  and  other 
secondary  lesions,  even  gangrene,  may  ensue.  Arterial  thrombosis 
has  been  observed  in  a  few  cases  especially  at  the  base  of  the  brain. 

Changes  in  the  Genital  Organs.- — The  persistence  of  an  infantile 
state  of  the  uterus  and  ovaries  was  first  noted  by  Kiwisch,  but  was 
more  particularly  described  and  brought  into  general  notice  by  Koki- 
tansky.  This  hypoplasia,  however,  has  been  found  absent  in  certain 
cases,  and  has  even  been  substituted  by  hypertrophy.  Virchow,  who 
regarded  the  cardiovascular  changes  as  more  important,  distinguished 
three  groups  of  cases :  the  first,  chlorosis  with  hypoplasia  of  the 
vascular  system  without  notable  change  in  the  sexual  apparatus ;  the 
second,  chlorosis  with  hypoplasia  of  the  vascular  system  and  exces- 
sive development  of  the  sexual  apparatus;  and  the  third,  chlorosis 
with  hypoplasia  of  the  vascular  system,  and  at  the  same  time  failure 
of  development  of  the  sexual  organs.  Others,  however,  have  found 
the  hypoplasia  of  the  genital  organs  more  regularly  than  that  of  the 
cardiovascular  system. 

The  ovaries  have  usually  been  found  small  and  poorly  developed, 
having  the  appearance  on  microscopic  examination  of  those  of  chil- 
dren before  the  age  of  puberty.  The  number  of  Graafian  follicles  may 
be  notably  deficient.  Similar  conditions  are  found  in  the  uterus,  and, 
as  in  infancy,  the  body  and  the  fundus  of  the  organ  may  be  found 
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smaller  in  size  than  the  cervical  portion.  On  the  contrary,  instances 
have  been  reported,  especially  by  Virchow,  in  which  enlargement  even 
to  three  times  the  normal  size  of  the  ovaries  has  occurred,  and  in 
which  the  number  of  Graafian  follicles  has  seemed  actually  increased. 
It  is  difficult,  however,  to  determine  whether  cases  of  the  latter 
description  do  not  rej^resent  instances  in  which  secondary'  changes 
have  taken  place.  The  mammary  glands  are  frequently  ill-developed, 
though,  on  the  other  hand,  they  may  be  quite  normal  when  the  dis- 
ease makes  its  appearance.  Attention  has  been  called  to  the  fact  that 
girls  in  whom  the  development  of  the  mammary  glands  and  of  the 
pubes  occurs  early,  and  the  menses  are  not  established,  are  liable  to 
a  subsequent  occurrence  of  the  disease. 

2'he  Blood-JIaling  Organs. — Little  is  known  regarding  the  condi- 
tion of  the  blood-making  organs.  Neumann  found  the  marrow  of  the 
bones  red,  but  as  such  a  change  may  occur  in  any  anaemia  of  an  ex- 
treme degree  this  change  is  of  little  practical  significance ;  moreover, 
it  has  not  been  frequently  observed.  The  spleen  is  sometimes  en- 
larged, and  Fuhrer  and  Scharlau  have  particularly  described  cases 
in  which  it  was  enlarged  and  its  substance  was  pale.  Chvostek 
noted  enlargement  in  twenty-one  of  fifty-six  cases,  and  Clement  re- 
ported thirteen  instances  with  splenic  hypertrophy.  In  other  cases 
no  change  whatever  has  been  discovered. 

The  pathological  changes  found  throughout  the  hodj  are  in  gen- 
eral those  of  simple  ansemia.  The  skin  and  visible  mucous  mem- 
branes are  pale  or  of  the  more  characteristic  greenish  or  yellowish 
color.  The  subcutaneous  fat  may  be  increased  in  amount,  or,  on  the 
other  hand,  maj^  be  absorbed,  leaving  the  body  considerably  emaci- 
ated. Preservation  of  the  adipose  tissues  is  a  more  characteristic 
condition,  and  may  affect  the  internal  as  well  as  the  external  fat  de- 
posits. Petechial  hemorrhages  m.aj  be  found  in  the  skin  or  mucous 
membranes,  but  are  rare.  Von  Hosslin  has  in  particular  called 
attention  to  small  hemorrhages  in  the  mucosa  of  the  gastrointestinal 
tract,  and  has  looked  upon  these  as  important  changes. 

The  liver,  the  kidneys,  the  pancreas,  and  the  epithelial  glands  of  the 
gastrointestinal  tract  may  show  iaity  changes  as  in  other  forms  of 
anaemic  disease.  Tessier  has  recorded  a  case  in  which  fatty  disease  of 
the  liver  was  of  such  degree  that  scarce  any  normal  cells  were  present, 
and  the  bile,  found  in  the  gall  bladder,  was  of  a  watery  character  and 
devoid  of  bilirubin.  Such  changes  are  in  no  wise  characteristic. 
Changes  in  the  kidneys  have  been  found  in  certain  cases,  and  have 
been  looked  upon  as  secondary  to  the  vascular  hypoplasia.  The  im- 
portant alterations  noted  were  sclerosis  of  the  vessels  of  'the  organ, 
with  atrophy  of  the  secreting  structures  proper,  notably  the  glomer- 
VoL.^  VII.— 22 
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uli.  Such  cases  liave  been  recorded  by  Dieulafoy,  Bezan9on,  and 
Luzet. 

Various  alterations  of  the  gastrointestinal  tract  have  been  discov- 
ered. Luton,  Hayem,  and  others  have  found  ulcers  in  the  mucous 
membrane  of  the  stomach,  but  these  have  been  generally,  and  no 
doubt  properly,  regarded  as  secondary  changes,  and  in  no  way  con- 
nected with  the  causation  of  the  disease.  The  occurrence  of  fatty 
degeneration  of  the  epithelium  of  the  glands  of  the  gastric  tubules 
has  already  been  referred  to.  Dilatation  of  the  stomach  is  not  un- 
usual, and  may  in  certain  cases  become  extreme.  Of  late  years 
attention  has  been  called  to  displacement  of  the  stomach  or  gastrop- 
tosis,  and  certain  investigators  have  looked  upon  this  as  important 
in  an  etiological  sense.  Meinert  claims  to  have  found  it  in  sixty  con- 
secutive cases.  Inflammatory  changes  in  the  intestines  are  occasion- 
ally observed.  Sometimes  there  is  a  moderate  enteritis;  in  other 
cases  ulceration  has  been  described.  The  Egyptian  chlorosis  of 
Griesinger,  due  to  the  Ankylostoma  duodenale,  is  in  reality  more  al- 
lied to  pernicious  anaemia  than  to  chlorosis. 

Changes  in  the  nervous  system  have  been  recorded  by  some  as 
important,  although  for  the  most  part  these  have  been  regarded  as 
functional  rather  than  organic.  Copland  thought  the  disease  in  some 
way  dependent  upon  asthenia  of  the  sympathetic.  Jolly  looked  upon 
the  pneumogastric  as  the  probable  seat  of  disease,  while  others  have 
regarded  the  abdominal  ganglia,  the  splanchnic  nerves,  or  the  spinal 
cord  itself  as  the  parts  in  which  the  specific  lesion  occurs. 

Changes  in  the  Blood. — The  blood  as  it  flows  from  a  puncture  or 
incision  is  usually  strikingly  pale  in  color  and  abnormally  fluid.  In 
most  instances  there  is  little  difiiculty  in  obtaining  large  drops  from 
a  minute  puncture,  so  that  it  seems  likely  that  the  quantity  of  blood 
is  not  at  all  reduced.  Indeed,  Lloyd  Jones  expresses  the  belief  that 
the  mass  is  always  increased  and  Heniy  coincides  in  this  opinon. 
These  conditions  were  noted  by  the  older  writers  who  described  the 
alteration  of  the  blood  as  hydrsemia.  The  specific  gravity  is  generalh^ 
reduced,  the  reduction  being  in  direct  proportion  to  the  diminution 
of  hsemoglobin  (Hammerschlag,  Devoto,  and  others).  The  actual 
specific  gravity  has  been  found  to  be  as  low  as  1.020. 

The  specific  or  characteristic  changes  affect  the  red  corpuscles  and 
consist  in  a  reduction  in  the  number  of  these,  and  more  particularly 
in  reduction  of  the  amount  of  haemoglobin.  The  reduction  of  the 
number  of  corpuscles  in  chlorosis,  although  it  was  spoken  of  by  older 
writers,  was  first  determined  by  Duncan.  It  is  a  notable  fact,  how- 
ever, that  the  degree  of  oligocythemia  is  comparatively  insignificant 
in  this  disease.     The  reduction  in  haemoglobin  and  the  general  dis- 
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turbauces  seem  to  occur  primarily ;  the  reduction  in  the  uumber  of 
corpuscles  secondaril3\  Very  many  cases  are  observed  in  which  the 
reduction  of  hfemoglobiu  and  the  general  evidences  of  auaimia  are 
marked,  and  in  which,  notwithstanding,  the  number  of  corpuscles 
scarcely  falls  below  the  normal.  It  is  erroneous,  however,  to  state, 
as  does  Graeber,  that  the  reduction  of  the  corpuscles  is  an  anjemic 
complication,  while  chlorosis  in  itself  is  purely  a  form  of  oligochrom- 
icmia.  Every  case  of  chlorosis  which  has  reached  a  certain  degree 
of  severity  shows  a  more  or  less  marked  reduction  in  the  number  of 
corpuscles,  and  in  hospital  i)ractice  it  is  very  unusual  to  find  cases 
in  which  the  normal  number  is  preserved. 

Eeinert  collected  from  literature,  including  his  own  cases,  247  in- 
stances of  chlorosis,  in  which  the  number  of  corpuscles  was  4,000,000 
or  more  in  99,  and  below  4,000,000  in  148.  This  has  been  the  ex- 
perience of  most  authors  who  have  recently  written  of  the  disease. 
The  follo-odng  table  shows  the  number  of  corpuscles  and  the  propor- 
tion of  haemoglobin,  determined  by  Fleischl's  apparatus,  in  a  num- 
ber of  cases  of  chlorosis  under  my  own  observation : 

Red  Blood  Corpuscles.         Hemoglobin. 

1 2,700,000  30  per  cent. 

3 3,775,000  .50 

3 3,412,500  42 

4 3,225,000  34 

5 4, 337, 500  54 

6 .3,600,000  53 

7 2,227,000  22 

8 3..S20,000  30 

9 3,800,000  32 

10 4,350,000  58 

11 3,400,000  45 

12 3,550,000  45 

13 3.500,000  35 

14 4,825,000  56 

15 1,500,000  20 

In  extreme  cases,  as  will  be  seen  in  the  above  table,  the  number 
maj^  fall  as  low  as  1,500,000,  and  has  even  been  recorded  at  1,000,000. 
In  my  own  experience  the  smallest  number  of  corpuscles  per  cubic 
millimetre  was  1,500,000.  In  mild  or  beginning  cases  the  number 
of  corpuscles  may  be  quite  the  normal.  This  seems  to  indicate  an 
early  reduction  in  haemoglobin,  corpuscles  being  formed  in  sufficient 
number,  but  not  of  the  normal  quality.  Certain  writers  have  main- 
tained that  this  condition — normal  number  of  corpuscles  and  oligo- 
chromaemia — results  from  beginning  restoration  of  the  blood,  the 
corpuscles  reaching  the  normal  first,  as  Otto  found  in  post-hemor- 
rhagic  anaemia.     This  view,  however,  does   not   seem   to   me  to  be 
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entirely  trustworthy.  In  cases  of  chlorosis  which  are  improving  it 
does  undoubtedly  happen  that  the  corpuscles  increase  more  rapidly 
than  the  proportion  of  haemoglobin;  but,  on  the  other  hand,  the 
normal  number  of  corpuscles  may  persist  though  the  haemoglobin 
continues  to  decrease  in  amount,  and  when,  therefore,  it  cannot  be 
said  that  regeneration  is  taking  place. 

The  indi\adual  red  corpuscles  may  show  various  changes  in  their 
general  appearance,  in  their  shape  and  size.  When  a  di'op  of  blood 
is  examined  under  the  microscope  the  pallor  of  the  individual  cor- 
puscle may  be  at  once  a  striking  feature,  and  when  cover-glass  prej)- 
arations  are  made  and  stained  it  may  be  noted  that  the  erythrocytes 
are  less  intensel}'  stained  than  normal.  Occasionally  polychroma- 
tophilia,  the  peculiar  alteration  of  protoplasm  as  a  result  of  which 
the  red  corjpuscle  tends  to  receive  a  mixture  of  colors  instead  of  a 
single  color,  has  been  observed.  Maragliano  and  Castellino  assert 
that  the  erythrocytes  receive  basic  stains  more  readily  than  normal, 
and  look  upon  this  as  an  evidence  of  an  abnormal  tendency  to  necro- 
biosis. The  shape  of  the  red  corpuscles  may  be  more  or  less  altered. 
In  cases  in  which  the  number  of  the  corpuscles  is  little  reduced  there 
is  generally  but  little  alteration  in  the  shape  of  the  corpuscles, 
while  in  cases  in  which  oligocythsemia  is  pronounced  irregular 
erythrocj'tes  may  be  quite  frequent,  and  the  extremest  grades  of 
poikilocytosis  may  sometimes  be  discovered. 

Microcytes  and  mactocytes  are  usually  inconspicuous,  but  may 
sometimes  be  present  in  large  numbers.  According  to  Hay  em,  the  aver- 
age size  of  the  corpuscles  falls  from  the  normal  (7.5  p)  to  7,  6.5,  or  even 
6  /-/..  In  very  severe  cases  the  number  of  megalocytes  increases  greatly 
and  may  form  fifteen,  twenty,  or  thirty  per  cent,  of  the  total  number. 
Nucleated  red  corpuscles  have  been  observed,  and  are  supposed  by 
some  to  have  a  favorable  prognostic  significance.  The  smaller  forms 
or  normoblasts  are  the  more  frequent,  but  the  large  megaloblasts  are 
occasionally  seen.  Neudorfer  has  called  attention  to  the  occurrence 
of  blood  crises,  such  as  von  Noorden  has  seen  in  pernicious  anaemia. 
These  consist  in  the  appearance  in  the  blood  of  large  numbers  of 
normoblasts,  occurring  parosysmally  and  followed  by  increase  in 
the  number  of  red  corpuscles.  While  these  alterations  in  the  shape, 
size,  and  the  i^resence  of  a  nucleus  have  been  found  in  chlorosis  they 
are  rarely  conspicuous  in  cases  of  moderate  severity,  and  are  never 
marked  excepting  in  the  severest  forms  of  the  disease. 

The  amount  of  haemoglobin  is  of  great  importance  and  oligo- 
chromsemia  is  certainly  the  most  striking  feature  of  the  blood  in  this 
disease.  Hay  em  spoke  of  the  disease  as  a  chlorosis  of  the  individual 
corpuscles.     Even  in  the  most  advanced  cases  it  is  found  that  the 
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valeur  globulaire,  or  the  relative  amount  of  haBmoglobin  contaiued  in 
each  corpuscle  compared  to  the  normal  amount,  is  constantly  de- 
creased. In  moderate  cases  the  quantity  of  haemoglobin  in  the  cor- 
puscle compared  to  the  normal  is  from  0.8  to  O.G;  in  severe  cases  it 
falls  to  0.5  or  even  0.4.  Hayem  has  introduced  the  term  richesse  to 
indicate  the  number  of  corpuscles  that  would  be  found  in  the  blood, 
with  the  quantity  of  hiemoglobin  present,  provided  each  corpuscle 
contained  its  normal  x)roportion  of  coloring  matter.  This  richesse 
falls  to  8,000,000,  2,000,000,  or  even  1,000,000  cor imscles  in  ordinary 
or  severe  cases.  The  same  author  has  further  divided  the  cases  of 
the  disease  into  separate  groups  according  to  the  number  (N)  of 
corpuscles,  the  richesse  (R),  and  the  valeur  globulaire  (G),  making 
four  groups  or  degrees : 

First,  mild  cases  in  which  N  =  4,000,000,  R  =  3,080,000,  G  =  0.77 ; 
Second,  moderate  cases  in  which  N  =  4,000,000,  R  =  2,700,000,  G  =r 
0.65;  Third,  intense  cases  in  which  N  =  2,900,000,  E  =  1,500,000, 
G  =  0.52;  Fourth,  extreme  cases  of  which  he  observed  one  instance 
in  which  N  =  937,000,  R  =  796,756,  G  =  0.85. 

These  figures  may  be  taken  as  in  a  measure  illustrating  the  altera- 
tions in  the  number  of  corpuscles,  and  in  the  proportion  of  haemo- 
globin, though  of  course  they  are  entirely  arbitrary.  In  a  study  of 
sixty  cases  he  found  twenty  of  the  second  degree,  thirty-nine  of  the 
third,  and  one  of  the  last  degree. 

The  blood  plaques  are  always  increased  in  number  in  chlorosis, 
according  to  Hayem,  who  finds  in  this  an  explanation  of  the  nature 
of  the  disease,  holding  that  the  failure  of  the  transformation  of  blood 
plaques  into  red  corpuscles  is  an  essential  feature  in  the  pathology 
of  the  affection.  Their  number  may  be  increased  to  750,000  per 
cubic  millimetre.  Yon  Limbeck  confirms  this,  but  other  observers 
have  found  the  increase  less  striking. 

The  white  corjiuscles  are  usually-  about  normal  in  number  and  in 
their  general  appearances.  Occasionally  the  number  is  slightly  in 
excess  of  the  normal  (Sorensen,  Leichtenstern,  Stifler,  Reinert). 
The  differential  estimations  of  the  various  forms  of  leucocytes  have 
discovered  no  notable  alteration.  Occasionally  the  eosinophile  leu- 
cocytes are  more  abundant  than  normal,  and  Hammerschlag  has 
found  the  so-called  markzellen  or  myelocytes. 

Neusser  has  attempted  to  distinguish  cases  of  lymphatic  from 
myelogenic  chlorosis.  This  attempt,  however,  has  met  with  little 
success.  The  lymphatic  cases  are  characterized  by  a  general  Ij'm- 
phatic  diathesis,  tuberculous  history,  enlargement  of  the  lymphatic 
glands,  and  only  a  moderate  reduction  in  the  haemoglobin.  Occasion- 
ally a  preponderance  of  lymphocytes  is  discovered.     The  myelogenic 
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forms  are  distinguished  by  the  greater  intensity  of  the  ansemia,  by 
the  occurrence  of  nucleated  red  corpuscles,  irregularly  shaped  ery- 
throcytes, and  eosinoi^hilous  leucocytes  in  abnormal  proportion. 
The  spleen  may  be  enlarged  and  pains  in  the  bones  may  be  com- 
plained of. 

Studies  of  the  liquid  elements  of  the  blood  have  discovered  no 
characteristic  alterations.  Maragliano  and  Castellino,  however,  have 
shown  that  the  plasma  of  chlorosis  exercises  a  destructive  influence 
on  normal  red  corpuscles,  and  in  this  opinion  they  have  been  confirmed 
by  Gilbert  and  others.  The  older  authors  (Becquerel  and  Kodier) 
found  the  watery  elements  of  the  blood  increased  in  chlorosis,  and  at 
the  same  time  an  increase  of  albumin,  fibrin,  and  phosphates ;  while 
the  corpuscles  and  chloride  of  sodium  were  diminished.  The  in- 
creased amount  of  water  has  been  confirmed  by  the  more  accurate 
studies  of  Biernacki ;  but  the  amount  of  albumin  is  decreased,  as  is 
the  quantity  of  potassium.  The  sodium  is  increased  as  in  other 
forms  of  anaemia.  The  alkalinity  has  been  found  increased  by  Grae- 
ber  and  Drouin,  while  Krauss,  v.  Jaksch,  v.  Limbeck,  and  Steindler 
found  it  normal  or  decreased.  Becquerel  and  Eodier  found  the 
amount  of  iron  decreased  and  they  have  been  supported  by  nearly  all 
authorities.  A  prominent  exception  is  Biernacki,  who  has  found  the 
actual  amount  of  iron  normal  or  even  increased  in  most  cases,  and 
never  greatly  altered.  The  important  alteration  in  the  corpuscles, 
according  to  his  observations,  is  the  decreased  amount  of  albumin. 

Henocque  has  devised  a  method  for  determining  the  rapidity  with 
which  the  oxyh?emoglobin  becomes  reduced,  and  holds  that  the  re- 
duction occurs  more  slowly  in  chlorosis  than  in  health  or  in  ordinary 
angemias.  As  compared  with  the  normal  rate  of  reduction  (indicated 
by  the  figure  1)  the  rate  in  chlorosis  is  0.44.  In  the  secondary 
anaemias  reduction  occurs  twice  as  rapidly  as  in  chlorosis. 

Symptoms. 

The  onset  of  the  disease  is  usually  gradual,  and  it  may  be  weeks 
or  even  months  before  the  symptoms  become  sufficiently  pronounced 
to  attract  attention.  Occurring  coincidently  with  the  profound 
changes  which  take  place  in  the  entire  organism  at  the  development 
of  puberty  and  at  the  establishment  of  menstruation  the  first  subjec- 
tive symptoms  of  the  disease  may  pass  unnoticed.  In  some  cases, 
however,  the  onset  is  rather  abrupt,  and  this  is  particularly  the  case 
when  nervous  influences  have  been  concerned  with  the  establishment 
of  the  disease.  Usually  the  first  symptoms  are  subjective  in  char- 
acter, the  girl  becoming  listless,  easily  fatigued,  and  therefore  disin- 
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clined  to  plaj^  or  exercise.  The  appetite  fre(iueiitl.y  fails  uud  diges- 
tion becomes  slow  and  painful.  Palpitation  of  the  heart  and  a 
tendency  to  dyspnoea  on  slight  exertion  may  be  marked  symptoms. 
Frequently  irritability,  peevishness,  or  marked  hysterical  manifesta- 
tions may  be  early  evidences  of  the  disease.  Still  other  cases  are 
tirst  brought  under  notice  b}'  the  cessation  of  menstruation,  Avhich  had 
been  regularly  established  or  by  irregularity  in  this  function.  It 
is  a  noteworthy  fact  that  some  cases  i)resent  a  history  of  precocious 
menstruation  beginning  at  the  age  of  twelve  or  thirteen. 

AVhen  the  disease  is  fully  developed,  the  appearance  of  the  girl 
is  quite  characteristic.  The  color  of  the  skin  is  more  or  less  pale 
and  often  presents  an  ashen  or  j^ellowlsh  hue,  or  in  brunettes  may  be 
somewhat  dusky  and  grayish.  Most  characteristic  of  all  is  the 
greenish-yellow  color  which  has  given  to  the  disease  the  popular 
name  of  "green  sickness"  and  the  technical  name  chlorosis.  The 
change  of  color  in  the  skin  first  begins  about  the  ears  or  around  the 
alae  of  the  nose  and  corners  of  the  mouth.  The  mucous  membranes 
may  be  affected  from  the  first,  particularly  the  lips,  the  conjunctiva, 
and  the  mucosa  of  the  hard  palate.  All  the  visible  mucous  mem- 
branes ma}^  be  blanched.  The  condition  of  the  conjunctiva,  however, 
is  unreliable,  as  slight  congestion  or  vasodilatation  frequently  causes 
a  pinkish  color  despite  advanced  ansemia.  Occasionally  the  skin  of 
the  body  in  various  places  shows  areas  of  light  color  due  to  loss  of 
pigment,  and  in  one  case  I  have  seen  patches  of  distinct  vitiligo. 
Other  parts,  such  as  the  flexures  of  the  joints,  and  particularly  the 
skin  covering  the  dorsal  side  of  the  interphalaugeal  joints,  are.  some- 
times darkly  pigmented  (Bouchard  and  Pouzet).  Acneiform  erup- 
tions are  not  uncommonly  seen  upon  the  face,  especially  during  con- 
valescence. The  hair  may  lose  its  pigment  and  become  light  colored 
in  spots. 

In  contradistinction  to  the  pallor  which  is  the  ordinary  appearance 
of  chlorotics  there  are  cases  in  which  the  lips  and  cheeks  retain  their 
color  despite  the  advanced  deterioration  of  the  blood.  The  color  in 
such  cases  may  be  quite  high,  and  the  terms  chlorosis  florida  (Wendt) 
or  chlorosis  rubra  are  aptly  applied.  The  color  in  these  cases  is 
dependent  upon  vasomotor  dilatation  and  is  sometimes  extremelj"" 
changeable  under  conditions  of  emotional  disturbance,  showing  a 
marked  degree  of  vasomotor  instability.  "It  w^ould  seem,"  says 
Moriez,  "that  in  the  chlorotics  the  circulatory  system  is  inclined  to 
palpitations  at  the  periphery  quite  as  much  as  at  the  centre."  In 
such  cases  the  finger  nail  drawn  over  the  skin  may  develop  an  ex- 
quisite tdche  rouge. 

The   eyes   not  rarely  present  characteristic  appearances.      The 
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pallor  of  tlie  conjunctiva  has  been  referred  to.  The  sclera  in 
marked  cases  has  a  steel-blue  color,  while  in  other  cases  the  yellow 
color  of  the  subconjunctival  fat  may  cover  over  the  sclera  and  occa- 
sion an  appearance  resembling  that  of  jaundice. 

The  subcutaneous  tissue  is  usually  well  preserved,  and  some  patints  j-C^ 
tend  to  become  fat  rather  than  to  emaciate.  The  fat,  however,  is 
not  invariably  present.  It  is  due,  according  to  v.  Noorden,  to  the 
ingestion  and  absorption  of  normal  quantities  of  food  in  persons  who, 
on  account  of  palpitations,  dyspnoea,  and  the  like,  are  prone  to  avoid 
exercise,  and  on  account  of  the  feeling  of  coldness  preserve  the  heat 
of  the  body  by  excessive  clothing  and  external  warmth. 

Subcutaneous  oedema  is  not  infrequent.  Usually  it  appears  about 
the  eyelids  and  beneath  the  eyes  or  surrounding  the  malleoli,  and  it 
is  more  commonly  observed  towards  evening  than  after  rest  in  the 
horizontal  position.  The  light  color  of  the  skin  and  the  thinness  of 
the  latter  in  some  cases  give  to  the  oedema  a  marked  peculiarit3^ 
Pitting  on  pressure  is  usually  present  when  the  serous  infiltration  is 
marked,  but  in  the  earlier  stages  it  may  be  absent.  Generally  the 
oedema  is  fugacious,  disappearing  easily  when  the  patient  assumes 
the  horizontal  position,  but  moderate  oedema  may  persist  despite 
change  of  position.     Marked  dropsy  is  rare. 

Circulatory  Disturbances. — Disturbances  of  the  circulation  are 
always  prominent  in  this  disease.  Not  rarely  the  patients  complain 
of  coldness  of  the  extremities,  particularly  of  the  feet,  and  a  general 
feeling  of  coldness  may  be  a  disturbing  symptom.  In  part  this  is 
dependent  upon  derangement  of  circulation  mainly  due  to  vasomotor 
constriction  in  the  peripheral  parts ;  in  part  it  is  due  to  the  condi- 
tion of  the  blood  itself.  Sometimes  the  skin  presents  the  phenom- 
enon of  goose  flesh,  or  cutis  anserina,  in  an  exquisite  manner. 

Palpitation. — Palpitation  of  the  heart  is  rarely  absent.  It  has 
always  been  noted  as  one  of  the  prominent  symptoms  by  writers 
treating  of  chlorosis.  Under  ordinary  circumstances,  when  the  pa- 
tient is  at  rest  and  undisturbed  by  emotional  impressions,  the  car- 
diac pulsation  is  conducted  with  normal  rapidity  and  force ;  but  in 
cases  in  which  the  most  extreme  degree  of  anaemia  has  become  es- 
tablished the  action  of  the  heart  may  be  constantly  more  rapid  than 
normal.  The  slightest  physical  exertion  or  emotional  disturbance 
always,  however,  tends  to  increase  the  frequency  of  the  beat,  and 
violent  palpitations  are  not  unusual.  Some  of  the  older  writers,  nota- 
bly Bouillaud,  spoke  of  irregularity  of  the  action  of  the  heart,  and 
the  author  named  in  particular  applied  the  expression /oZie  du  coeur. 
This,  however,  is  unusual,  and  as  Hay  em  has  pointed  out  the  rhythm 
of  the  heart's  action  is  rarely  disturbed  in   uncomplicated   cases. 
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When  cardiac  dilatation  has  supervened  a  foetal  rhythm  may  be 
induced,  and  cases  complicated  with  nephritis  may  present  well 
marked  bruit  dc  galop. 

Physical  examination  of  the  heart  may  show  that  the  area  of  car- 
diac dulness  is  of  normal  extent,  or,  on  the  other  hand,  decreased  or 
increased  in  size.  The  increase  of  size  not  rarely  affects  the  right 
side  in  particular,  and  there  may  be  marked  ejjigastric  pulsation. 
This  enlargement  of  the  cardiac  area  is  doubtless  due  in  most  in- 
stances to  dilatation  of  the  heart.  Rarely  is  there  actual  hypertro- 
phy. The  apex  beat  is  usually  strong  and  little  displaced.  Aus- 
cultation over  the  heart  generally  reveals  murmurs.  The  most 
frequent  situation  is  over  the  base  and  pulmonary  area,  the  second 
and  third  left  interspaces,  and  the  murmur  is  systolic  in  time.  It 
is  generally  blowing  and  superficial  in  character,  but  in  rare  cases 
may  be  quite  musical  or  extremely  harsh.  It  is  limited  quite  sharply 
to  the  region  covering  the  root  of  the  pulmonary  artery.  In  addition 
to  this  murmur,  or  without  a  pulmonary  murmur,  there  may  be  a 
localized,  soft  systolic  bruit  at  the  apex.  This  is  unaccompanied  by 
palpable  thrill  and  rarely  obscures  the  first  sound  of  the  heart. 
Next  in  frequency  to  these,  systolic  murmurs  may  be  heard  over  the 
tricuspid  area  or  in  the  aortic  interspace.  In  a  study  of  38  cases 
Eichhorst  found  a  murmur  audible  in  the  pulmonary  area  30  times, 
in  the  tricuspid  area  28  times,  in  the  mitral  27  times,  and  in  the 
aortic  13  times.  As  far  as  loudness  of  the  murmur  was  concerned, 
the  pulmonary  area  led  wdth  21  cases,  the  mitral  was  second  with 
9  cases,  and  the  tricuspid  third  with  8  cases.  Barrs  found  anf^mic 
murmurs  in  115  of  205  cases.  The  murmur  was  audible  at  the  base 
alone  in  56  cases,  at  the  apex  alone  in  13,  at  both  places  in  24,  and 
at  the  base,  apex,  and  back  in  22. 

Diastolic  murmurs  are  extremely  rare  and  are  to  be  considered 
accidental.  Sahli  believes  them  to  be  venous  intrathoracic  sounds, 
but  Eichhorst  maintains  that  they  are  due  to  dilatation  of  the  root  of 
the  aorta  or  pulmonary  artery  and  consequent  regurgitation.  The 
pathology  of  the  ordinary  murmurs  is  still  uncertain,  but  it  is  proba- 
ble that  disturbances  of  the  action  of  the  cardiac  muscle  and  of  the 
papillary  muscles,  together  with  the  condition  of  the  blood,  and  per- 
haps increased  intracardiac  tension,  are  factors  in  the  causatio^. 
Some  authors  have  held  that  they  are  due  to  the  currents  generated 
in  the  auricles  by  the  entrance  of  blood  from  the  veins  under  con- 
ditions of  lowered  tension.  Sometimes  they  are  doubtless  due  to 
relative  incompetence  of  the  mitral  or  tricuspid  valves  resulting  from 
cardiac  dilatation.  This  is  particularly  likely  when  the  second  pul- 
monary sound  is  accentuated.    Hayem  holds  that  the  systolic  murmurs 
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audible  at  the  apex  sometimes  result  from  compression  of  the  edge 
of  the  left  lung. 

Nest  to  the  palj)itations  of  the  heart  venous  phenomena  are  fre- 
quent and  significant.  The  veins  of  the  neck  may  be  visibly  dilated, 
and  may  be  seen  to  pulsate  with  each  cardiac  contraction.  This 
pulsation  may  sometimes  be  due  to  tricuspid  regurgitation  conse- 
quent upon  dilatation  of  the  right  ventricle,  but  in  most  instances  it 
is  a  negative  pulsation  caused  by  interference  with  the  outflow  of  the 
blood  from  the  jugular  veins  at  each  cardiac  contraction.  Palpation 
over  the  jugular  veins  sometimes  discovers  a  fine  thrill  or  fremisse- 
ment  cataire.  More  commonly,  however,  this  is  absent,  though  a 
bruit  may  be  heard  in  the  veins.  The  stethoscope  being  placed  over 
the  root  of  the  jugular  vein,  between  the  heads  of  the  sterno-cleido- 
mastoid  muscle,  a  continuous  humming  or  buzzing  sound  variouslj" 
termed  venous  hum,  truit  de  diable,  and  nonnengerausch  is  heard. 
This  may  be  absolutely  continuous  and  unvarjdng,  or  systolic  increase 
of  the  sound  may  be  audible  in  consequence  of  the  superaddition  of 
an  arterial  element  from  the  underlying  carotid  artery,  or  of  addi- 
tional systolic  disturbances  of  the  current  in  the  vein  itself.  The 
murmur  is  more  distinct  when  the  head  is  turned  to  the  opposite 
side,  and  the  sound  may  be  more  distinct  during  inspiration.  Tliis 
venous  hum  is  more  frequently  heard  ujjon  the  right  side  than  upon 
the  left,  but  in  most  cases  when  present  is  heard  on  both  sides.  In 
a  study  of  180  cases  of  typical  chlorosis  Richardson  has  found  a 
venous  murmur  in  about  one-half  of  the  cases  in  which  the  haemo- 
globin was  below  50  per  cent.  More  accurately,  there  was  no  bruit 
in  49.4  per  cent.,  a  right-sided  murmur  in  33.3  per  cent.,  a  left-sided 
murmur  in  6.1  per  cent.,  and  a  murmur  on  both  sides  in  11.1  per  cent. 
Other  observers — and  my  own  experience  coincides  with  this — have 
found  the  venous  bruit  more  frequent.  Though  most  marked  in  the 
cervical  veins  it  may  be  audible  in  the  femoral  where  the  saphenous 
enters  it,  the  subclavian,  and  even  in  the  facial  or  other  smaller  veins. 

Arterial  pulsations  and  murmurs  are  less  important.  While 
the  patient  is  at  rest  the  arteries  may  pulsate  but  little  or  not  at  all. 
With  the  onset  of  palpitation,  however,  marked  arterial  pulsation 
may  be  noted  in  the  carotid  or  other  superficial  arteries.  In  ad- 
vanced cases  and  in  febrile  chlorosis  constant  arterial  pulsation  may 
occur.  Auscultation  over  the  course  of  the  artery  may  discover 
various  sounds  or  murmurs.  With  moderate  pressure  of  the  steth- 
oscope a  sound  resembling  the  systolic  sound  of  the  heart  may  be 
audible,  while  on  great  pressure  this  is  transformed  into  a  blowing 
murmur.  In  most  if  not  all  cases,  arterial  murmurs  are  dependent 
upon  the  pressure  exerted  from  without. 
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The  pulse  varies  in  frequency  and  in  character  in  the  same  patient 
as  well  as  in  different  patients.  It  is  usually  inclined  to  be  sharp 
and  weak,  the  tension  generally  seeming  to  be  reduced.  Bihler  made 
studies  of  fifty  cases  with  v.  Basch's  si)hygmomometer  and  found  tliat 
the  blood  pressure  was  diminished  in  all  cases.  Lorrain  in  his 
sphygmograi)hic  studies  of  numerous  cases  found  nothing  bej-ond 
slight  accelerati(^n  and  a  tendency  to  dicrotism. 

Prominence  of  the  ej'^eball  may  be  noted  in  some  cases.  Usually 
it  is  slight,  but  at  times  marked  exophthalmos  may  occur.  The 
amount  varies  with  the  state  of  the  circulation,  being  greater  or  less 
in  proportion  to  the  greater  or  less  distention  of  the  veins. 

Enlargement  of  the  thyroid  gland  is  extremely  common.  Usually 
the  swelling  is  only  moderate,  but  it  is  distinctly  visible  and  palpable. 
In  exceptional  cases  there  maj^  be  marked  enlargement  of  the  gland 
and  even  pulsation  and  thrill  are  reported  to  have  occurred. 

Vasomotor  disturbances  have  already  been  alluded  to.  They 
are  most  marked  in  the  case  of  florid  chlorosis,  in  which  they  mani- 
fest themselves  by  the  tendency  to  flushing  and  paling  of  the  surface 
upon  slight  exertion  or  emotional  excitement.  The  feeling  of  cold- 
ness and  the  pallor  to  a  certain  extent  are  dependent  upon  vasomotor 
contraction.  There  is  ordinarily  little  tendency  to  sweat,  but  occa- 
sionally excessive  perspiration  may  be  noted. 

Hemorrhages  are  not  unusual.  Some  patients  exhibit  a  strong- 
tendency  to  repeated  nose-bleed,  and  this  may  contribute  much  to 
the  progressive  deterioration  of  the  blood.  Arterial  degeneration  and 
the  character  of  the  blood  are  active  in  these  cases,  but  cardiac  weak- 
ness may  be  an  auxiliary  factor  in  the  occurrence  of  epistaxis.  A 
more  serious  but  much  rarer  form  of  hemorrhage  is  hsematemesis. 
This  has  been  noted  at  all  stages  of  the  disease,  and  has  been  seen  in 
certain  cases  even  before  the  development  of  the  affection  had  become 
noticeable.  The  suspicion  of  gastric  ulcer  will  always  be  entertained 
on  the  occurrence  of  hemorrhage  from  the  stomach,  and  it  is  probable 
that  many  cases  in  which  this  symptom  has  presented  itself  were  really 
instances  of  secondary  ansemia  due  to  ulcer  of  the  stomach.  Uterine 
hemon-hages  have  been  observed  by  various  writers,  and  Trousseau 
in  particular  has  described  a  form  of  menorrhagic  chlorosis.  Ex- 
cessive bleeding  at  the  menstrual  periods  and  between  the  periods 
does  occur  in  a  certain  proportion  of  cases,  but  it  is  probable  that 
local  conditions  are  generally  accountable  for  these  complications. 

Bespiratorij  Symptoms. — A  tendency  to  dyspnoea  exists  in  every 
case  in  proportion  to  the  degree  of  anaemia.  In  the  earlier  stages 
exercise  and  emotional  disturbances  are  necessarj'  to  produce  dysp- 
noea;  later  there  may  be  constant  breathlessness.     In  these    cases 
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the  respirations  are  more  rapid  tlian  normal  and  are  frequently  of  a 
peculiar  sighing  character,  the  regular  rhythm  of  the  respiratory  act 
being  from  time  to  time  interrupted  by  long-drawn  inspirations. 

Physical  examination  of  the  chest  usually  discovers  no  striking  ab- 
normality, but  the  vesicular  murmur  may  be  weak  in  correspondence 
with  the  general  muscular  weakness  of  the  patient.  A  troublesome 
dry  cough  may  disturb  the  patient's  rest  and  may  cause  a  suspicion 
of  pulmonary  disease.  To  a  large  extent  this  is  dependent  upon  the 
nervous  excitability  of  the  patient  rather  than  upon  local  conditions. 
Hoarseness  and  irritation  of  the  larynx  sometimes  occur  from  the 
dryness  of  the  mucous  membrane. 

Gastro-Intestinal  Symptoms. — Disturbances  of  the  digestive  or- 
gans of  some  kind  or  other  rarely  fail  to  occur.  The  tongue  is 
often  somewhat  coated,  or,  on  the  other  hand,  may  be  red  and  raw  in 
appearance.  Foetor  of  the  breath  is  at  times  pronounced.  The 
mouth  as  a  rule  is  dry  and  the  lips  may  be  quite  parched;  but  in- 
creased secretion  of  saliva  and  even  considerable  salivation  may  occur. 
The  appetite  is  usually  disturbed.  The  patient  often  loses  the 
desire  for  meat  and  substantial  foods  and  tends  to  be  capricious 
in  the  selection  of  articles  of  diet.  In  most  cases  it  is  noticeable  that 
the  girl  prefers  acids  and  sour  foods,  such  as  pickles  and  sharp  dress- 
ings. In  marked  cases  the  patient  may  consume  chalk,  plaster  from 
the  walls,  slate  pencils,  and  various  similar  substances.  Even  pro- 
nounced geophagia  has  been  observed.  It  is  by  no  means  true,  how- 
ever, that  all  cases  of  chlorosis  are  marked  by  a  tendency  to  the 
ingestion  of  abnormal  substances.  Von  Noorden  found  in  a  series  of 
cases  that  the  food  taken  by  the  patient  voluntarily  was  quite  suffi- 
cient in  quality  and  amount  to  maintain  the  body  weight  under  nor- 
mal conditions. 

The  digestion  in  chlorosis  is  usually  difficult.  The  patient  com- 
plains of  heaviness  after  eating  and  sometimes  of  gastralgic  pains. 
The  latter  may  be  j)resent  only  when  the  stomach  is  empty,  and 
be  relieved  by  food,  or  it  may  develop  during  the  process  of  digestion, 
subsiding  when  the  stomach  is  empty.  Usually  gastralgia  is  parox- 
ysmal, occurring  only  from  time  to  time ;  in  other  cases  it  is  contin- 
uous but  marked  by  exacerbations.  The  pain  may  radiate  from  the 
stomach  around  the  side  to  the  back  or  may  travel  upwards  towards 
the  heart,  manifesting  itself  as  a  cardialgia.  Nausea  is  not  unusual, 
especially  in  the  morning,  and  sometimes  vomiting  occurs. 

The  physical  examination  of  the  stomach  and  a  study  of  the  diges- 
tive processes  often  reveal  interesting  conditions.  Bouchard  called 
attention  to  the  existence  of  dilatation  of  the  stomach,  and  Hayem 
found  in  the  examination  of  thirtv-seven  cases  evidences  of  dilatation 
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in  twenty-seven.  The  severity  of  the  disease  seemed  tt)  bear  a  direct 
relation  to  the  existence  and  degree  of  dilatation.  It  would  seem,  how- 
ever, that  many  of  these  were  instances  of  gastroptosis  rather  than 
of  dilatation,  both  from  the  manner  in  which  the  supposed  presence 
of  dilatation  was  established,  aud  from  the  fact  that  recent  investiga- 
tions have  shown  displacement  of  the  organ  to  be  an  extremely  common 
condition.  Meiuert  claims  to  have  found  it  in  sixty  consecutive 
cases.  It  is  certainly  not  an  unusual  condition,  though,  as  a  rule,  it 
is  of  moderate  degree,  representing  merely  Kussmaul's  subvertical 
iwsition  of  the  stomach.  The  study  of  the  gastric  contents  shows 
that  in  the  majority  of  cases  there  is  excess  of  fi-ee  hydrochloric 
acid.  This  has  been  established  at  the  clinic  of  Kiegel  by  Osswald, 
who  found  excess  of  HCl  in  ninety-five  per  cent,  of  the  cases,  and  by 
other  investigators.  In  some  cases  subacidity  does  exist,  but  the 
older  writers  improperly'  assumed  that  this  was  the  usual  condition. 
The  secretion  of  pepsin  and  the  processes  of  digestion  present  no 
notable  abnormalities.  The  absorption  of  the  food  has  been  shown 
to  be  normal  by  Wallerstein  and  Lipman-Wulf  by  comparative 
studies  of  the  iugesta  and  of  the  stools.  Eichhorst  found  that  iodine 
appears  in  the  saliva  about  twenty  minutes  after  administration  of 
potassium  iodide,  instead  of  in  ten  or  iEifteen  minutes  as  is  the  case 
in  health.  The  difference,  however,  is  slight  and  the  test  is  scarcely 
reliable  when  the  differences  are  not  more  marked  than  this. 

Of  the  intestinal  disturbances  constipation  is  the  most  frequent 
and  the  most  important.  Very  few  cases  are  found  in  which  it  is  not 
present,  and  not  rarely  it  becomes  extreme.  Fecal  impaction  may 
occur,  and  secondary  diarrhoea  from  irritation  of  hard  scybalous 
masses  may  supervene,  the  discharges  in  such  cases  tending  to  be- 
come mucous  or  muco-membranous. 

The  temperature  is  usually  normal  or  even  subnormal.  Some  of 
the  older  writers  observed  fever  in  the  course  of  the  disease,  but  it  is 
likely  that  pernicious  ansemia  was  often  mistaken  for  it.  The  terms, 
Febris  seu  icterus  amantium,  Fehris  alba,  etc.,  indicate  the  prevalence 
of  this  opinion.  Molliere,  in  1882,  however,  called  renewed  attention 
to  the  febrile  form,  and  subsequently  Leclerc,  Trazit,  and  other  French 
writers  contributed  to  the  establishment  of  the  fact  that  fever  may 
occur  in  this  disease.  Usually  there  is  a  moderate  elevation  of  the 
temperature  at  irregular  intervals,  but  sometimes  a  continuous  moder- 
ate febrile  movement  is  seen. 

Nervous  Symi^tonis. — A  great  variety-  of  nervous  manifestations 
occur.  Nearly  always  there  is  a  tendency  to  irritability  or  to  pre- 
occupation. The  patient  becomes  pee^'ish  and  often  lacrymose. 
Sometimes  positive  melancholy  marks  the  disease.     The  most  fre- 
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quent  symptom,  liowever,  is  lieadaclie,  whicli  is  rarely  absent.  It 
may  be  constant  and  severe  or  in  other  cases  is  paroxysmal.  Neural- 
gias in  various  situations  may  be  noted  from  time  to  time.  Hysteri- 
cal manifestations  sucli  as  anaesthesia  or  hyperaesthesia,  mild  paresis, 
or  even  paralysis  and  convulsive  seizures  are  occasionally  noted. 
Attention  has  been  called  to  the  association  of  chorea  in  chlorotic 
girls,  the  chlorosis  in  these  cases  acting  as  a  predisposing  cause. 

Disorders  of  the  special  senses  are  rare.  Dimness  of  vision  may 
occur  and  complete  amaurosis  has  been  observed.  The  eye  grounds 
are  usually  pale  and  optic  neuritis  and  neuroretinitis  have  been  re- 
ported by  Gowers  and  others.  Mackenzie  states  that  optic  neuritis 
is  more  common  than  in  pernicious  anaemia,  while  retinal  hemor- 
rhages are  quite  generally  recognized  to  be  rare.  Yellow  spots  re- 
sembling those  seen  in  albuminuric  retinitis  have  been  observed 
(Knies) .     Disturbance  of  hearing  is  infrequent. 

The  urine  is  usually  light  colored  and  may  be  normal  in  amount, 
or  in  some  cases,  particularly  such  as  manifest  marked  nervous  dis- 
turbances, the  quantity  may  be  excessive.  The  solid  matters  are 
usually  diminished  and  there  is  rarely,  except  in  advanced  cases, 
any  increased  nitrogen  elimination.  Usually  the  amounts  of  urea 
and  uric  acid  are  diminished.  The  reaction  is  often  alkaline.  Cer- 
tain authors  have  claimed  that  the  amount  of  coloring  matter  or  of 
chromogens  is  increased,  but  the  investigation  of  G.  Hoppe-Seyler, 
Garrod,  and  v.  Noorden  would  indicate  that  there  is  no  excess  of 
urobilin.  Aromatic  sulphates  have  been  found  in  normal  or  even 
decreased  amount  by  Rethers  and  Morner.  Albumin  may  be  present 
in  some  cases,  but  casts  are  rarely  found.  A  few  hyaline  casts  or 
cylindroids  may  be  present. 

Menstrual  Disorders. — The  menses  may  be  entirely  regular  and 
normal  in  some  cases,  but  usually  disturbances  are  noted.  In  the 
majority  of  cases  they  become  more  and  more  scanty  or  com- 
plete amenorrhoea  is  developed.  In  other  cases  the  color  of  the 
menses  becomes  lighter  than  normal  without  further  disturbance. 
The  complete  suppression  may  be  gradual  or  may  occur  suddenly 
and  may  precede  the  development  of  other  symptoms  by  a  consid- 
erable interval  of  time.  Menorrhagia  has  already  been  referred  to 
as  occurring  in  certain  exceptional  cases,  and  hemorrhage  between 
the  periods  sometimes  occurs.  Among  65  cases  examined  by  Hayem 
there  was  diminution  of  the  menses  in  36,  complete  suppression  in 
24,  and  in  4  the  periods  were  normal  or  somewhat  prolonged.  In  a 
recent  study  of  87  cases  Townsend  found  scanty  menstruation  in 
54  per  cent.,  irregularity  being  present  as  well  in  some  of  these; 
normal  menstruation  in  15  per  cent.,  and  profuse  menses  in  11  per 
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cent. ;  in  20  per  cent,  there  was  aineuorrhoea  for  periods  of  from  two 
months  to  a  year.  Dysmenorrhoea  is  infrequent,  but  more  commonly 
leucorrhcea  has  been  noted.  Local  examination  in  such  cases  usually 
shows  erosions  or  inflammation  of  the  vaginal  mucosa  or  of  the  cer- 
vix. Displacements  of  the  uterus  are  not  infrecjuent.  Sterility  has 
been  recorded  by  some  as  usual  in  chlorosis,  but  it  has  been  frequently 
fecund  that  there  was  no  difficulty  of  conception,  and  Hipjjocrates 
called  attention  to  the  fact  that  pregnancy  is  frequently  follo\ved  by 
recovery  from  the  disease. 

Clinicai,  Varieties. 

The  severity  of  the  disease  varies  greatly  and  varieties  may  be 
established  according  to  the  severit3^  Hayem  and  the  French 
•writers  generally  make  the  condition  of  the  blood  a  basis  for  de- 
termining the  various  grades  (see  above) . 

Other  varieties,  such  as  the  amenorrhoeic,  dj^smenorrhoeic,  the 
dyspeptic,  or  the  febrile,  may  be  established  according  as  one  group 
of  symptoms  or  the  other  becomes  more  prominent. 

Chlorosis  tarda,  or  chlorosis  occurring  in  later  life,  has  received 
special  study.  In  any  case  in  which  the  symptoms  of  the  disease 
are  present  beyond  the  twenty -fifth  year,  the  suspicion  of  recurring 
chlorosis,  or  of  secondary  anaemia  resembling  chlorosis,  must  be 
entertained;  but  there  are  undoubted  instances  in  which  true  chloro- 
sis has  occurred  in  later  life.  In  most  cases  the  patient  is  from 
twenty-five  to  thirty  or  even  thirty-five  years  of  age,  and  the  symp- 
toms are  those  of  the  disease  as  it  occurs  in  j^ounger  patients. 

Male  Chlorosis. — This  form  is  extremely  rare.  It  is  characterized 
by  symptoms  similar  to,  but  less  intense  than  those  seen  in  girls,  and 
there  may  be  evidences  of  imperfect  development  of  the  cardiovas- 
cular system. 

Hayem  reports  an  instance  wdiere  all  the  boys  of  a  family  were 
affected.  One  instance  only  of  undoubted  male  chlorosis  has  come 
under  my  observation. 

Course  and  Duration. 

The  course  of  the  disease  varies  extremely.  The  onset,  though 
usually  gradual,  may  be  very  abrupt  as  in  the  cases  recorded  by 
Pidoux,  Trousseau,  Botkin,  and  Hayem.  The  disease  is  usually 
marked  by  decided  fluctuations,  and  spontaneous  cures  or  ameliora- 
tions may  take  place.  The  course  is  essentially  chronic,  though  at 
times  the  duration  is  short.  It  tends  in  most  cases  to  relapse  after 
recovery  or  apparent  recover}'.     In  the  instances  in  which  treatment 
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has  been  successful  and  relapses  have  occurred  within  a  short  time 
the  recovery  has  generally  been  only  apparent.  Recurrences  are 
much  less  frequent  when  the  treatment  is  prolonged.  Hayem  has 
distinguished  two  forms,  one  temporary  and  easily  influenced  by 
trea|;ment;  the  other  constitutional,  resisting  treatment  and  marked 
by  relapses. 

It  is  difficult  to  assign  an  exact  duration,  but  the  majority  of 
cases  recover  after  six  or  eight  weeks ;  though  subsequently  relapses 
may  occur  and  prolong  the  disease  very  greatly. 

The  prognosis  is  favorable  and  the  disease  is  in  the  immense 
majority  of  cases  curable.  A  few  instances  of  a  fatal  termination  in 
uncomplicated  cases  have  been  reported,  but  the  "  fatal  chlorosis"  of 
the  older  writers  was  probably  pernicious  anaemia  in  most  instances. 
Intercurrent  disease  or  complications  such  as  thrombosis  may  deter- 
mine a  fatal  issue.  The  tendency  to  repeated  attacks  usually  persists 
until  the  age  of  thirty  or  even  beyond.  The  favorable  influence 
of  pregnancy  and  lactation  seen  in  some  cases  has  already  been  refer- 
red to. 

Complications  ajstd  Sequels. 

Besides  the  cardiac  disturbances  which  are  symptomatic  in  chlo- 
rosis, there  are  cardiac  disorders  which  arise  as  distinct  complications. 
Among  these  the  most  import-ant  is  acute  endocarditis  affecting 
the  mitral  or  less  frequently  the  aortic  valve.  The  endocarditis  may 
be  simple  or  may  be  malignant  in  character.  Hemorrhages  occurring 
in  the  course  of  chlorosis  have  already  been  referred  to.  Occasion- 
ally they  become  serious.  A  more  frequent  and  important  complica- 
tion is  thrombosis  of  the  veins.  This  was  first  observed  by  Trousseau 
but  has  subsequently  been  noted  by  many  observers.  The  femoral 
vein  is  frequently  involved,  giving  rise  to  oedema,  phlegmasia,  or  even 
to  gangrene.  Usually  but  one  side — more  frequently  the  left — is 
affected,  although  double  phlegmasia  has  been  noted.  Other  periph- 
eral veins  may  be  involved  and  occasionally  the  internal  veins,  notably 
the  pulmonary.  The  sinuses  within  the  cranium  are  more  commonly 
involved. 

Of  the  complications  affecting  the  gastrointestinal  tract  ulcer  of 
the  stomach  is  most  important  and  has  been  frequently  observed.  In 
some  cases  secondary  anaemia  due  to  ulcer  of  the  stomach,  may 
closely  resemble  true  chlorosis,  but  the  latter  is  undoubtedly  often 
the  primary  condition.  The  excess  of  hydrochloric  acid  and  the 
anaemic  condition  probably  are  important  etiological  factors. 

A  few  observers  have  noted  nephritis  as  a  complication.  In  these 
cases  there  has  usually  been  an  excessive  amount  of  urine  with  albumin 
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in  considerable  quantity  and  hyaline  casts.  The  general  appearance 
of  the  patient,  the  cardiac  disturbances,  dyspepsia,  and  dyspncea, 
and  the  examination  of  the  blood  serve  to  indicate  the  original  cause. 
The  secondary  manifestations  which  occur  in  chronic  interstitial  ne- 
phritis, with  which  the  condition  might  be  mistaken,  are  absent. 
Marked  oedema  is  rare  and  disturbances  of  vision  are  abseut. 

Pulmonary  Complications. — Chlorosis  ma}''  occur  in  the  course  of 
tuberculosis  or  the  latter  may  follow  as  a  sequel  of  the  former.  The 
etiological  relation  of  tuberculosis  and  chlorosis  has  been  indicated; 
but  there  is  also  a  marked  tendency  in  certain  cases,  notably  those  in 
which  hj^poplasia  of  the  vascular  system  exists,  to  the  secondary 
development  of  the  pulmonarj^  disease.  Another  relation  of  tuber- 
culosis and  chlorosis  is  of  im^Dortance.  This  is  the  occurrence  of  a 
form  of  anaemia  resembling  chlorosis  in  its  general  appearances  as 
well  as  in  the  characteristics  of  the  blood  in  patients  suffering  with 
pulmonary  tuberculosis.  It  is  sometimes  extremely  difficult  to  dis- 
tinguish such  cases  from  true  chlorosis  when  the  pulmonary  lesion  is 
latent  or  slight,  but  the  tendency  to  marked  irregular  fever  and  to 
night  sweats,  to  rajnd  emaciation,  with  changes  in  the  urine  charac- 
teristic of  rapid  tissue  waste,  are  important  indications. 

Enlargement  of  the  thyroid  gland  has  already  been  referred  to  as 
symptomatic  of  certain  cases.  At  times  this  is  quite  marked,  and  it 
has  been  held  that  true  exophthalmic  goitre  may  occur  in  the  course 
of  chlorosis  in  consequence  of  the  debilitated  state  of  the  system.  It 
is  difficult  to  determine  the  truth  of  this  matter,  since  tachycardia  and 
nervous  manifestations  are  not  unusual  in  simple  chlorosis,  and  the 
enlargement  of  the  gland  may  sometimes  be  quite  marked  without 
the  suspicion  of  Graves'  disease  being  entertained.  The  coincidence, 
therefore,  of  enlargement  of  the  gland,  tachycardia,  and  nervous  mani- 
festations does  not  necessarily  suflSce  to  establish  the  diagnosis  of 
intercurrent  exophthalmic  goitre.  Even  marked  exophthalmos  may 
occur  in  simple  chlorosis. 

Sequelce. — Cardiac,  pulmonary,  digestive,  and  nervous  disorders 
may  persist  after  the  initial  attack  of  chlorosis  has  subsided  or  may 
serve  to  prolong  the  disease. 

A  conversion  of  chlorosis  into  pernicious  anaemia  has  been  reported 
by  a  number  of  authorities,  and  it  is  not  imjjrobable  that  such  a  sequel 
may  occur,  though  it  is  extremely  rare.  If  the  prevailing  views  of 
the  pathology  of  pernicious  anaemia  are  correct,  we  must  regard  it  as 
probable  that  additional  etiological  factors  leading  to  blood  destruc- 
tion supervene  in  cases  in  which  pernicious  anaemia  follows  chlorosis. 
Vol.  Vn.— 23 
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Diagnosis. 

The  diagnosis  of  chlorosis  must  be  made  by  a  consideration  of 
the  clinical  history,  together  with  an  examination  of  the  blood. 
Neither  of  itself  suffices.  Laache  has  maintained  that  there  are  cases 
in  which  all  of  the  symptoms  of  chlorosis  are  present,  but  in  which 
the  examination  of  the  blood  reveals  no  abnormalities.  He  desig- 
nates such  cases  by  the  title  pseudo-chlorosis,  but  other  observers  have 
been  unable  to  confirm  his  views.  The  occurrence  of  marked  anaemia 
characterized  by  yellowish  pallor,  and  cardiac,  digestive,  and  men- 
strual disturbances  in  a  girl  between  the  ages  of  fourteen  and  twenty 
usually  suffices  to  establish  the  diagnosis  for  clinical  purposes.  "When 
in  addition  to  this  there  is  marked  disproportion  between  the  percent- 
age of  haemoglobin  and  the  number  of  the  corpuscles  as  compared  to 
the  normal  the  diagnosis  becomes  fairly  certain.  Nevertheless  it 
must  be  recognized  that  certain  anaemic  conditions  of  a  secondary 
nature  resemble  chlorosis  very  closely  in  its  clinical  aspects  and  even 
in  the  condition  of  the  blood.  Among  these  the  secondary  anaemias 
of  pulmonary  tuberculosis,  of  syphilis,  malaria,  and  cancer,  as  well  as 
post-hemorrhagic  anaemia,  must  be  considered. 

Pulmonary  tuberculosis  at  its  onset  may  be  characterized  by  a 
form  of  chloroanaemia  difficult  to  distinguish  from  true  chlorosis,  and 
the  difficulty  of  diagnosis  is  increased  by  the  fact  that  a  tuberculous 
history  is  so  common  in  the  latter  disease.  Careful  and  repeated 
examinations  may  establish  the  pulmonary  lesion,  and  in  addition 
rapid  wasting,  excess  of  saline  constituents  in  the  urine,  and  continu- 
ous fever  and  sweats  are  important  elements  in  the  diagnosis.  The 
anaemia  may  be  very  marked,  but  in  general  is  less  decided  in  com- 
parison with  the  symptoms  than  is  the  case  in  chlorosis.  Usually 
the  reduction  in  haemoglobin  is  only  moderate  and  the  disproportion 
between  the  percentage  of  coloring  matter  and  the  number  of  red 
blood  corpuscles  is  less  marked  than  in  chlorosis.  Finally  the  cough 
is  more  frequently  attended  with  expectoration  in  tuberculosis  and 
tubercle  bacilli  may  be  discovered. 

Chloroanaemic  conditions  have  been  met  with  in  syphilis,  particu- 
larly in  the  secondary  stage.  This  is  unusual  and  the  anaemia  is 
rarely  as  pronounced  as  in  chlorosis.  The  recognition  of  other  signs 
of  syphilis  and  the  effect  of  treatment  are  important. 

The  anaemia  of  malaria  is  less  frequently  like  that  of  chlorosis,  and 
an  examination  of  the  blood  usually  determines  less  disproportion  in 
the  number  of  corpuscles  and  the  percentage  of  haemoglobin.  The 
parasite  is  usually  readily  discovered  and  the  clinical  course  of  the 
disease  is  ordinarily  easy  to  recognize. 
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Post-liemorrhagic  aiiiemia  may  be  recognized  by  the  history  of 
the  case,  and  by  the  condition  of  the  blood.  The  latter  is  prone  to 
be  marked  by  leucocytosis  and  by  the  occurrence  of  nucleated  cor- 
puscles, while  the  oligocythoemia  is  more  decided  and  the  reduction  of 
the  haemoglobin  is  less  marked  than  in  chlorosis.  Exceptional  cases, 
however,  occur  in  which  a  careful  study  is  required  to  determine  the 
nature  of  the  disease. 

Cancer  is  extremely  rare  at  the  age  at  which  chlorosis  is  common, 
but  must  be  taken  into  account  when  late  chlorosis  is  suspected. 
In  such  cases  the  condition  of  the  blood  may  distinguish  the  two 
affections.  Though  marked  oligochromsemia  has  been  observed  in 
cancer,  it  is  rarely  as  pronounced  as  in  chlorosis,  while  the  number 
of  corpuscles  is  more  likely  to  be  proportionately  reduced.  Leuco- 
cytosis  is  more  frequent,  and  according  to  certain  authorities  the 
existence  of  notable  proportions  of  sugar  in  the  blood  is  important. 
In  most  cases  indications  of  a  severe  organic  disease  of  the  stomach 
or  other  organs  may  be  determined. 

Pernicious  anaemia  and  chlorosis  are  usually  easily  distinguished. 
The  pronounced  oligocythaemia  of  the  former  is  rarely  equalled  in 
the  most  extreme  cases  of  chlorosis.  In  the  severest  forms  of  the 
latter  disease,  however,  the  number  of  corpuscles  has  been  found 
below  1,000,000,  although  I  have  never  seen  it  below  1,500,000.  The 
percentage  of  haemoglobin,  however,  is  nearly-  always  relatively  ex- 
cessive, and  the  changes  in  the  size  and  shape  of  the  corpuscles  and 
the  occurrence  of  nucleated  erythrocytes  are  as  common  in  pernicious 
anaemia  as  they  are  rare  in  chlorosis. 

Treatment. 

The  treatment  of  chlorosis  comprehends  attention  to  the  personal 
hygiene  as  much  as  the  administration  of  drugs.  The  frequent  oc- 
currence of  the  disease  in  girls  placed  amid  unsanitary  surroundings 
indicates  the  necessity  of  careful  attention  to  every  detail  of  the  daily 
life.  Rest  is  of  prime  importance,  and  in  all  cases  in  which  the  dis- 
ease has  become  well  established  or  in  which  there  is  a  tendency  to 
long  continuance,  absolute  rest  in  bed  should  be  the  preliminary  to 
treatment.  After  the  condition  of  the  blood  has  begun  to  improve, 
passive  exercise  and  massage  should  be  instituted,  and  later  general 
exercise  in  the  open  air  becomes  impoi'tant.  Removal  of  the  patients 
from  the  crowded  cities  to  the  country,  or  in  hospitals  a  certain  num- 
ber of  hours  passed  in  the  solarium,  always  proves  beneficial.  In 
some  cases  removal  to  a  higher  altitude  has  been  recommended  and 
seems  to  be  decidedly  advantageous.     Particularly  is  this  true  of 
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cases  marked  by  depression  and  sluggishness  of  tlie  general  bodily 
functions.  The  diet  of  the  patient  must  be  regulated  according  to 
the  digestive  functions.  Milk,  eggs,  meat,  and  vegetables  should 
always  be  given  as  far  as  possible.  Von  Noorden  insists  upon  the 
necessity  of  making  the  first  meal  or  breakfast  a  substantial  one  and 
states  that  the  disinclination  to  eat  heartily  in  the  morning  rapidly 
subsides  when  the  necessity  of  so  doing  is  insisted  upon.  In  pa- 
tients who  are  not  confined  to  bed  it  is  well  to  order  milk  or  other 
food  to  be  taken  before  rising  in  the  morning.  A  small  amount  of 
alcohol  in  the  form  of  a  light  wine  may  be  useful,  but  individual 
peculiarity  and  custom  will  largely  determine  this  matter. 

Kegarding  the  medicinal  treatment,  a  most  important  element  is 
iron.  This  may  be  administered  in  various  forms  and  unquestion- 
ably exerts  an  influence  little  short  of  specific  in  the  treatment  of  the 
disease. 

Regarding  the  manner  in  which  iron  proves  beneficial  in  chlorosis 
a  wide  difference  of  opinion  has  existed  and  to  a  certain  extent  still 
exists.  The  most  natural  assumption  was  adopted  after  the  discov- 
ery that  the  quantity  of  iron  is  decreased  in  this  disease,  viz.,  that 
the  iron  administered  is  directly  absorbed  and  thus  supplies  the  de- 
ficiency in  the  blood.  This  assumption,  however,  cannot  be  strictly 
maintained.  In  the  first  place  tliere  are  few  individuals,  even  taking 
into  account  the  subjects  of  chlorosis  with  impaired  appetite,  who  do 
not  receive  sufficient  iron  in  the  food  to  supply  the  necessary  amounts 
for  the  purpose  of  maintaining  the  state  of  the  blood.  Further,  it 
was  questioned  by  some  observers  whether  the  iron  administered  was 
absorbed  at  all,  and  Bunge  constructed  the  attractive  theory  already 
referred  to  that  the  iron  administered  to  chlorotic  patients  proves 
efficacious  only  by  entering  into  combination  with  the  sulphuretted 
hydrogen  developed  in  excess  by  intestinal  putrefaction  and  thus 
permits  the  ferruginous  nucleoalbumins  of  the  food  to  be  absorbed. 
The  disproofs  of  this  theory  have  been  indicated  above.  It  was 
found,  for  example,  that  the  administration  of  sulphide  of  iron  it- 
self proved  beneficial  in  chlorosis ;  that  substances  quite  as  prone  to 
enter  into  combination  with  sulphur  do  not  exercise  the  same  in- 
fluence, while  other  substances,  notably  arsenic,  and  other  measures 
of  treatment  having  no  influence  upon  processes  of  intestinal  putre- 
faction, do  have  a  beneficial  effect.  Finally,  experimental  investiga- 
tion has  shown  that  there  is  no  evidence  at  all  of  intestinal  putrefac- 
tion in  many  cases  of  chlorosis. 

Against  the  view  that  the  iron  administered  in  the  form  of  medi- 
cine has  merely  a  local  action  in  the  intestines  may  be  cited  the 
studies  of  Gottlieb  and  Kunkel,  which  show  that  the  liver  of  mice  or 
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dogs  to  which  iron  had  been  given  was  much  richer  in  iron  than  the 
liver  of  animals  receiving  no  such  treatment.  The  activity  of  iron  is 
therefore  of  some  other  sort,  and  it  seems  not  unlikely  that  the  view 
for  a  long  time  held  by  certain  therapeutists  and  recently  detailed  by 
von  Noorden  is  correct,  viz.,  that  iron  acts  as  a  direct  stimulant  to 
the  haematopoietic  organs.  This  view  agrees  very  well  with  the 
acknowledged  fact  that  other  remedies,  notably  arsenic,  sometimes 
exercise  a  beneficial  effect,  and  also  with  the  fact  that  enormous  doses 
of  iron  (far  in  excess  of  the  needs  of  the  system  so  far  as  the  supply 
for  the  haemoglobin  is  concerned)  are  sometimes  required. 

The  differences  of  opinion  regarding  the  use  of  iron  have  also  ex- 
tended to  the  question  of  the  preparation  which  is  to  be  given.  The 
view  has  been  largely  held  that  the  inorganic  preparations  are  not 
absorbed,  while  organic  preparations  of  certain  kinds  are  readily 
assimilated.  This  view  is  certainly  unsustained  by  convincing  evi- 
dence, and  clinical  experience  allows  no  doubt  at  all  of  the  value  of 
inorganic  preparations.  Stockman  and  Hemy  hold  from  practical 
experience  that  the  latter  are  more  useful  than  the  organic  prepara- 
tions. 

The  form  in  which  the  drug  is  most  frequently  administered  in 
this  country  is  Blaud's  pill,  composed  of  equal  parts  of  the  dried  sul- 
phate of  iron  and  the  carbonate  of  potassium.  From  three  to  six 
pills,  containing  one  and  one-half  grains  of  each  ingredient,  adminis- 
tered after  the  meals  usually  suffice,  but  it  may  be  well  to  increase  the 
dose  to  eight  or  even  twelve  pills  per  day.  Large  doses,  however, 
tend  to  increase  constipation  and  may  cause  disturbance  of  the 
stomach.  It  has  been  held  by  some  that  the  dose  of  iron  as  ordi- 
narily given  (three-grain  pills)  is  too  small,  and  certainly  relatively 
excessive  doses  at  times  seem  necessary.  Objection  has  also  been 
made  to  the  alkali  in  Blaud's  pill,  Albutt  regarding  it  as  unnecessary 
and  Mackenzie  holding  that  a  proportion  of  two  parts  of  the  iron  to 
one  of  the  alkali  is  more  useful  than  the  ordinary  formula.  As  the 
condition  of  the  blood  improves,  the  remedy  may  be  reduced  in  quan- 
titj^,  but  iron  in  some  form  must  not  be  withheld  until  the  examina- 
tion of  the  blood  shows  practically  a  normal  percentage  of  haemo- 
globin. 

Instead  of  Blaud's  pills,  the  pill  of  the  carbonate  of  iron,  re- 
duced iron,  or  the  tincture  of  the  chloride  of  iron  (ten  to  twenty  drops 
three  times  daily)  may  be  substituted.  The  pills  are  often  objected 
to  on  account  of  difficulty  in  swallowing  or  because  they  cause  gas- 
tralgic  pain.  In  such  cases  some  of  the  liquid  preparations  may  be 
used. 

Hayem  and  the  French  writers  generally  insist  that  the  proto- 
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salts  of  iron  are  more  useful  tlian  the  higher  compounds.  In  par- 
ticular they  faud  the  protooxalate  of  iron,  giving  from  three  to  six 
grains  per  day  in  divided  doses  after  meals. 

When  the  stomach  is  particularly  irritable  certain  organic  prepa- 
rations, such  as  the  albuminates  of  iron  or  ferratin,  may  be  used,  but 
in  general  these  seem  less  reliable  than  the  inorganic  preparations. 
Iron  may  be  administered  hypodermically  when  the  stomach  is  in- 
tolerant. Of  the  forms  thus  employed  the  pyrophosphate  in  con- 
junction with  the  citrate  of  sodium  or  ammonium  and  dialyzed  iron 
have  particularly  claimed  attention.  The  preparations  must  be 
freshly  made,  but  under  the  best  conditions  are  irritating  and  cause 
so  much  pain  that  they  cannot  be  continued.  Eecently  Da  Costa 
has  made  a  renewed  effort  to  find  a  suitable  preparation  and  reports 
that  the  ferrous  manganese  citrate,  known  unofficinally  as  ferri  et 
mangani  citras,  in  twenty-per  cent,  solution  may  be  injected  without 
causing  pain  and  gives  most  satisfactory  results.  The  usual  dose 
for  an  adult  is  fifteen  minims,  representing  three  grains  of  the 
salt. 

In  some  cases  the  administration  of  iron  in  the  form  either  of 
pills  or  of  solutions  is  disturbing,  and  hypodermic  medication  cannot 
well  be  undertaken.  In  such  instances  the  use  of  chalybeate  waters 
may  be  necessary,  and  at  times  these  prove  more  satisfactory  than 
the  ordinary  forms  of  administration,  even  though  the  stomach  is 
little  disturbed  by  the  latter.  The  waters  of  Pyrmont,  Schwalbach, 
Spa,  and  St.  Moritz,  containing  iron  in  quantities  varying  from  0.032 
to  0.057  per  thousand,  have  been  particularly  lauded.  The  waters 
of  Eoncegno  and  Levico,  containing  both  iron  and  arsenic,  sometimes 
have  a  distinct  advantage,  particularly  in  cases  of  long  duration  and 
marked  by  tendency  to  relapses.  Artificial  chalybeate  waters  are 
less  valuable,  but  occasionally  those  containing  the  pyrophosphate 
may  be  used  with  advantage. 

Nest  to  iron  arsenic  is  of  value.  As  a  rule  this  remedy  is  to  be 
used  only  in  conjunction  with  the  specific  treatment  with  iron,  but  at 
times  arsenic  alone  is  of  value.  It  is  particularly  to  be  commended 
when  a  regeneration  of  the  blood  has  begun  and  convalescence  is 
therefore  beginning  to  be  established.  Fowler's  solution  may  be 
given  in  doses  of  from  three  to  five  or  ten  drops  after  meals ;  or  the 
arseniate  of  sodium  or  potassium  may  be  combined  in  Blaud's  pills. 
The  separate  administration  of  the  remedies,  however,  has  the  ad- 
vantage that  either  may  be  increased  or  decreased,  according  to  the 
needs  of  the  case.  Arsenic  waters,  such  as  those  already  referred 
to,  and  those  of  Bourboule  and  Plombieres,  may  be  employed  with 
advantage  in  certain  cases. 
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The  discovery  that  the  human  blood  contains  a  certain  proportion 
of  manganese  led  at  one  time  to  the  hope  that  this  remedy  would 
prove  useful  in  the  treatment  of  chlorosis,  but  this  hope  has  not 
been  realized.     Manganese  is  entirely  useless. 

Schulz  and  Striibiug  have  recommended  the  use  of  suljjhur  in 
cases  in  which  iron  could  not  be  tolerated  in  any  form.  Schulz  was 
of  the  opinion  that  there  is  a  deficiency  of  sulj)hur  in  the  albumins  of 
the  body  in  chlorosis  and  that  the  remedy  ow-es  its  usefulness  to  this 
fact.  Investigation  has  furnished  no  proof  of  this  assumption,  how- 
ever, and  other  observers  (Eichhorst)  have  seen  no  such  beneficial 
effects  from  the  administration  of  sulphur.  Schulz  warns  against  the 
use  of  suljjhur  when  gastrointestinal  irritation  exists  in  the  case. 

Various  other  remedies  have  been  advocated  from  time  to  time, 
but  they  have  not  realized  the  claims  made  for  them  and  iron  and  ar- 
senic stiU  remain  practically  the  only  medicinal  substances  having 
direct  value  in  this  disease.  In  the  administration  of  these  remedies 
it  is  necessary,  however,  to  measure  their  effect  by  repeated  examina- 
tions of  the  blood,  and  as  every  general  i^ractitioner  may  testifj^,  the 
cooperation  of  the  ijatient  and  the  continued  use  of  the  remedj'  are 
easily  obtained  when  repeated  determinations  of  the  haemoglobin  are 
made,  so  that  the  patient  realizes  the  necessity  for  continuing  the 
treatment.  It  is  a  notorious  fact  that  many  patients  recover  from 
the  subjective  symptoms  and  present  an  entirely  healthy  appearance 
long  before  the  haemoglobin  has  reached  normal  proportions,  and 
the  frequent  failure  of  treatment  in  such  cases  is  ascribable  to  its 
premature  discontinuance  more  than  to  the  inefficiency  of  the  reme- 
dies given.  It  should  be  a  cardinal  rule,  therefore,  to  administer 
iron  until  the  percentage  of  haemoglobin  has  reached  practically  the 
normal.  The  number  of  corpuscles  is  of  less  significance,  since  in 
the  process  of  blood  regeneration  the  normal  number  of  corpuscles 
is  reestablished  before  the  haemoglobin  has  reached  the  normal  per- 
centage. 

The  view  of  Sir  Andrew  Clarke  that  chlorosis  is  a  disease  depen- 
dent upon  gastrointestinal  stasis  and  absorption  of  toxic  substances 
has  led  to  the  employment  of  purges  and  intestinal  antiseptics.  All 
obser^'ers  are  agreed  that  constipation,  when  it  is  marked,  calls  for 
active  treatment.  The  administration  of  salines,  such  as  Carlsbad 
salts,  Seidlitz  powders,  or  magnesium  sulphate  in  the  morning  is 
probably  the  best  mode  of  causing  evacuation  of  the  intestinal  con- 
tents. At  times  salines  are  badly  borne  by  the  stomach  and  a  small 
dose  of  cascara  sagrada  administered  at  bedtime  may  prove  more  use- 
ful. Aloes  or  aloin  may  be  advantageously  combined  in  small  doses 
in  the  ferraginous  pills,  particularly  in  cases  in  which  amenorrhoea 
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is  continued.     Purgative   treatment,    however,  to   the   exclusion  of 
specific  medication  has  not  received  general  indorsement. 

Intestinal  antiseptics  of  various  kinds  have  been  used  with  more  or 
less  apparent  advantage.  Forchheimer  used  various  preparations, 
but  found  salol  and  hydronaphthol  in  doses  of  five  grains  in  combi- 
nation with  some  preparation  of  iron  derived  from  blood  most  usefid. 
A  study  of  the  reports  of  those  advocating  this  treatment,  however, 
does  not  seem  to  indicate  greater  rapidity  of  improvement  or  more 
striking  results  than  have  been  obtained  by  others  employing  iron 
alone. 

Hydi'otherapic  Treatment. — Bathing  has  been  advocated  in  vari- 
ous forms  by  most  of  the  writers  who  have  treated  of  this  disease. 
Cold  sea  bathing  undoubtedly  exercises  a  tonic  effect  in  many  persons, 
and  it  has  been  prescribed  in  chlorosis  as  an  adjunct  to  change  of 
climate,  exercise,  and  other  hygienic  regulations.;  but  it  may  be 
doubted  whether  the  effect  is  on  the  whole  beneficial.  The  studies 
of  Murri  and  of  Marcus  are  important  in  indicating  the  disadvantage 
of  cold  bathing,  the  former  ha\dng  found  that  cold  in  general  exer- 
cises a  deleterious  influence,  while  the  latter  held  that  cold  bathing 
in  particular  is  injurious  and  even  capable  of  developing  the  disease 
in  those  predisposed  to  it.  Kecently  hot  baths  and  sweat  baths  have 
been  employed  and  appear  to  exercise  a  useful  effect.  Certainly 
clinical  experience  would  indicate  that  external  warmth  is  necessary 
to  promote  the  comfort  of  the  patients  if  it  is  not  absolutely  a  requi- 
site in  the  treatment. 

A  most  extraordinary  and  at  first  sight  paradoxical  form  of  treat- 
ment was  instituted  by  Dyes  of  Hanover  and  subsequently  lauded 
by  other  investigators.  This  consists  of  small  venesections,  from  1 
to  2  gm.  of  blood  per  kilogram  of  body  weight  being  abstracted  at 
intervals  of  a  week  or  more,  the  patient  being  kept  in  bed  for  twenty- 
four  to  forty-eight  hours  after  the  venesection.  Under  this  ti'eat- 
ment  Wilhelmi  has  found  most  striking  results  in  fifty-six  cases; 
while  Schubert  and  Scholz  have  likewise  recorded  excellent  results. 
Schiicking  found  depression  to  follow  the  treatment  in  some  cases 
and  cautions  against  the  extended  use  of  the  method. 

Inhalations  of  oxygen  have  sometimes  been  recommended,  but 
are  of  doubtful  value.  A  temporary  effect  may  occasionally  be 
obtained. 

Various  symptoms  may  call  for  special  treatment.  In  particular 
the  condition  of  the  stomach  demands  attention.  Cases  in  which  the 
digestive  processes  are  slow,  and  particularly  those  in  which  the 
analysis  of  the  stomach  contents  shows  deficiency  of  hydrochloric  acid, 
are  benefited  by  the  administration  of  dilute  muriatic  acid  after  the 
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meals.  The  addition  of  a  stomachic  such  as  gentian,  cinchona,  or 
nux  vomica  is  of  advantage.  Recently  I  have  used  in  such  cases 
small  doses  of  bicarbonate  of  soda,  combined  with  nux  vomica,  and  the 
clinical  results  seem  to  justify  the  belief  that  the  secretion  of  hydro- 
chloric acid  is  stimulated  by  such  treatment  and  the  processes  of 
digestion  promoted.  In  the  cases  in  which  excess  of  hydrochloric 
acid  is  determined  large  doses  of  alkalies  administered  after  the  meals 
or  small  doses  of  sedatives  like  bromide  of  potassium  may  prove  ben- 
eficial. Vomiting  may  sometimes  require  treatment.  Minute  doses 
of  calomel,  and  sedatives  such  as  cocaine  (gr.  -^j^  to  -^^),  dilute  hy- 
drocyanic acid  (gtt.  1  to  2),  and  creosote  (gtt.  \  to  \),  are  the  most 
efficient  remedies.  The  latter  in  combination  with  gentle  counter- 
irritation  or  at  times  with  severe  external  treatment  such  as  cauter- 
ization, are  also  useful  w^hen  gastralgia  is  a  marked  symptom.  The 
cardiac  and  menstrual  disturbances  should  as  a  rule  receive  treatment. 
Very  often  officious  medication  in  these  directions  proves  injurious. 
Excessive  cardiac  excitement  may  be  relieved  by  an  ice  bag  or  by  ex- 
ternal warmth  and  small  doses  of  sedatives.  Probably  venesection 
would  prove  j)articularly  useful  in  such  cases. 

Nervous  disturbances  and  particularly  headache  are  sometimes  so 
urgent  that  the  patient  resorts  to  all  forms  of  sedatives  and  generally 
wdth  detrimental  results.  Antipyrin,  acetanilid,  and  phenacetin  may 
temporarily  give  relief  but  in  the  end  prove  harmful.  Attention  to 
the  gastrointestinal  condition  and  to  the  diet  and  rest  usually  relieve 
unpleasant  symptoms  of  this  description.  General  nervous  excita- 
bility may  be  favorably  influenced  by  small  doses  of  bromides,  but 
these  as  a  rule  disturb  the  stomach. 

Progressive  Pernicious  Anaemia. 

Synonyms. — Idiopathic  anaemia  (Addison);  Essentielle  Anamie, 
and  Akute  Puerperalchlorose  (Lebert) ;  Essentielle  maligne  or  Es- 
sentielle febrile  Anamie  (Immermann)  ;  Anaematosis  (Pepper). 

Definition. — Progressive  pernicious  anaemia  is  a  form  of  extreme 
anaemia  dependent  upon  a  varietj^  of  causes  or  seemingly-  causeless  in 
origin  w^hich  tends  to  increase  in  severity'  to  a  fatal  end.  It  is  char- 
acterized by  marked  reduction  in  the  number  of  red  corpuscles,  by  a 
preservation  of  the  relative  proportion  of  haemoglobin,  or  even  by 
relative  excess  of  haemoglobin,  and  by  marked  changes  in  the  char- 
acter of  the  red  corpuscles — macrocytes,  microcytes,  i^oikilocytes, 
and  nucleated  red  corpuscles. 

The  earlier  writers  in  their  descriptions  of  this  disease  spoke  of  it 
as  entirely  causeless  and  wdthout  characteristic  lesions  and  naturally 
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looked  upon  it  as  a  form  of  extreme  interference  with  the  blood- 
making  function. 

Later  pathological  lesions  of  various  kinds  were  discovered  in 
cases  which  had  clinically  presented  the  features  of  progressive  per- 
nicious anaemia,  and  other  cases  were  found  in  which  the  blood  con- 
dition seemed  dependent  upon  various  disease  processes.  Some 
authors  have  excluded  such  cases  entirely  from  the  group  of  perni- 
cious anaemia.  Others  have  divided  the  latter  disease  into  two  groups 
of  cases,  which  they  designate  as  the  truly  primary  or  idiopathic 
and  the  secondary  or  symptomatic  forms  (Eicbhorst,  Coupland,  and 
others) . 

It  seems  to  me,  however,  ill  advised  to  follow  either  of  these  plans. 
The  cases  which  have  been  separated  as  being  either  of  a  different 
form  (symptomatic  or  secondary)  or  as  being  not  at  all  of  the  nature 
of  progressive  pernicious  anaemia  are  many  of  them  indistinguishable 
in  their  manner  of  onset,  in  the  condition  of  the  blood,  in  the  clinical 
coarse,  in  the  prognosis,  and  in  the  morbid  changes,  with  exception 
of  those  which  seem  to  be  the  primary  cause.  The  only  difference 
discoverable  is  the  presence  of  these  latter  lesions  or  conditions  which 
may  with  more  or  less  likelihood  be  assigned  as  the  cause  of  the 
anaemic  condition.  This,  however,  is  an  insufficient  reason  for  ex- 
cluding such  cases  from  the  group  of  progressive  pernicious  anaemia, 
and  we  have  therefore  based  our  definition  of  the  disease  upon  the 
condition  of  the  blood  and  the  other  clinical  manifestations  rather 
than  upon  any  conception  of  the  pathology  of  the  disease  or  of  its 
etiology. 

HiSTOEY. 

The  earliest  description  of  cases  of  pernicious  anaemia  would  per- 
haps be  difficult  to  find.  Industrious  investigators  of  different 
nationalities  have  succeeded  in  finding  in  the  literature  of  their  own 
countrymen  descriptions  dating  to  the  beginning  of  the  century  and 
have  based  upon  such  their  claims  of  priority.  Thus  the  French 
have  pointed  out  that  Andral  had  described  cases  as  early  as  1821, 
and  that  others  were  recorded  by  Piorry  (1840),  Trousseau  (1857),  and 
Cazenave  (1860) .  The  Germans  have  referred  to  the  descriptions  of 
severe  anaemic  cases  published  by  Lebert  as  early  as  1853.  The 
•English  point  to  the  cases  of  fatal  anaemia  recorded  by  Coombe  (1823) 
and  Marshall  Hall  (1837),  but  the  credit  of  the  first  accurate  descrip- 
tion of  this  disease  unquestionably  belongs  to  Addison,  who  as  early 
as  1843  had  described  the  disease  under  the  name  of  idiopathic 
anaemia  in  his  lectures  at  Guy's  Hospital.  The  detailed  description, 
however,  was  not  published  until  the  appearance  of  his  work  on  the 
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"  Constitutional  and  Local  Effects  of  Disease  of  the  Suprarenal  Cap- 
sules "  published  in  1855,  in  which  the  clinical  features  of  the  form 
of  aua?mia  under  consideration  are  incidentally  described. 

American  literature  had  not  been  without  references  to,  and  cases 
of  fatal  antemia  published  before  the  time  of  Addison,  and  in  i)articu- 
lar  credit  is  due  to  Channing,  who  called  attention  to  certain  forms 
of  severe  or  fatal  anaemia  in  a  paper  published  in  1842  ("  Notes  on 
Anhoemia,  princiimlly  in  its  Connections  with  the  Puerperal  State 
and  with  Functional  Disease  of  the  Uterus;  with  Cases  ").  Not  only 
was  the  disease  recognized  by  Channing,  but  a  group  of  New  England 
physicians,  including  Stevenson,  Spear,  Jackson,  McKean,  and  Ware, 
recognized  and  discussed  the  same  affection  before  and  after  the 
time  of  Channing's  publication. 

Other  American  cases  were  reported  by  Bennett  (1847),  Appleton 
(1851),  and  Martin  (1852),  but  none  of  these  observers  had  given  an 
acciu^ate  or  comprehensive  description  of  the  disease  in  question, 
and  no  general  recognition  of  the  existence  of  cases  of  fatal  anaemia 
may  be  said  to  have  existed  prior  to  the  time  of  Addison's  publi- 
cation. Even  after  that  time  the  disease  remained  comparatively 
unknown,  and  the  credit  of  having  brought  it  to  general  recognition 
and  of  having  described  some  of  the  more  important  blood  changes 
belongs  to  Biermer  (1868) ,  who  also  gave  to  the  disease  the  name  by 
which  it  is  at  present  most  generally  known — progressive  pernicious 
anaemia. 

Since  Biermer's  time  important  additions  have  been  made  by 
Immermann  (1874),  Zenker  (1874),  Eichhorst  (1876),  Quincke  (1876), 
Miiller  (1877),  in  Germany  and  Switzerland;  Lepine  (1877)  and 
Ferrand  (1876),  in  France;  Pye-Smith  (1875),  Bramwell  (1877), 
Mackenzie  (1878),  Coupland  (1881),  and  William  Hunter  (1888),  in 
England;  while  of  the  American  writers  Pepper  (1875),  Howard 
(1876),  Osier  and  Gardner  (1877)  are  the  most  prominent. 

Etiology. 

Distribution. — Progressive  pernicious  anaemia  is  a  disease  of  wide 
geographical  distribution,  and  cases  have  been  observed  in  practically 
all  parts  of  the  world.  Among  the  earlier  reported  cases  a  large 
proportion  was  found  in  Switzerland,  and  it  was  supposed  that  special 
influences  prevail  in  that  country.  Birch-Hirschfeld  agrees  with 
Eichhorst  and  other  observers  in  Switzerland  in  believing  that  cer- 
tain localities  are  more  or  less  exempt  and  cites  Munich  as  an  in- 
stance ;  while  Immermann  was  led  to  suggest  an  epidemic  influence 
on  account  of  its  prevalence  in  certain  localities.     This,  however,  is 
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probablr  an  exaggeration  at  least.  Certain  forms  of  pernicious 
ansemia,  notably  those  dependent  upon  parasitic  organisms,  are  doubt- 
less more  common  in  Switzerland  and  other  localities  than  else- 
where, but  beyond  that  there  seems  no  greater  frequency  in  these 
than  in  other  parts  of  the  world.  In  the  collected  cases  tabulated  by 
Pye-Smith  the  frequency  in  various  countries  was  as  follows :  Eng- 
land 51,  Switzerland  49,  Germany  14,  France  6,  United  States  2, 
and  Itah^  1.  The  relative  excess  of  cases  in  Switzerland  consider- 
ing the  population  is  striking  in  these  tables  as  it  was  in  those  of 
other  observers  of  the  same  period ;  but  in  addition  to  the  explana- 
tions just  given,  it  may  be  said  that  it  is  probably  not  so  much  the 
result  of  any  special  tendency  to  the  affection  in  Switzerland  as  of 
the  fact  that  observers  were  more  alert  in  the  recognition  of  the  disease 
in  that  country  than  elsewhere. 

In  recent  years  the  disease  has  been  studied  in  all  sections  of  Ger- 
many, France,  England,  and  America,  and  as  accuracy  in  diagnosis 
and  a  general  knowledge  of  the  disease  have  increased,  the  number 
of  cases  observed  has  coincidently  enlarged. 

In  America  the  disease  is  a  very  common  one,  and  I  have  myself 
seen  and  studied  no  less  than  fifteen  during  the  past  three  years. 
Osier  has  had  as  many  as  twenty-eight  under  his  observation  and 
other  clinicians  have  had  similarly  large  experience. 

Season. — Pernicious  ansemia  would  seem  to  occur  or  begin  with 
equal  frequency  at  difl^erent  times  of  the  year  or  in  dift'erent  years, 
though.  EicKhorst  has  alluded  to  late  years  as  constituting  a  period 
poor  in  pernicious  ansemia  cases  as  compared  with  former  ones,  in 
his  experience.  Cases  in  which  remission  of  the  symptoms  has  oc- 
curred tend  to  relapse  in  the  spring  more  frequently  than  at  other 
seasons.     I  have  myself  seen  several  instances  of  this. 

Age. — Pernicious  anaemia  occurs  from  infancy  to  old  age,  but  is 
more  common  after  middle  life  than  before  that  time.  Of  103  cases 
collected  by  Pye-Smith  only  10  were  found  before  the  age  of  20;  29 
occurred  between  20  and  30;  26  between  30  and  40;  21  between  40 
and  50;  and  13  between  50  and  60;  only  4  occurred  after  60.  Griffith 
has  succeeded  in  collecting  10  cases  in  which  the  disease  occurred 
before  the  age  of  12,  and  Monti  and  Berggriin  record  8  additional 
cases  in  early  childhood.  The  youngest  recorded  cases  are  that  of 
Demme  (3  months)  and  that  of  Monti  and  Berggriin  (6^  months) . 

Usually  the  disease  is  met  with  after  the  age  of  forty  and  it  may 
have  its  onset  in  persons  beyond  seventy. 

Sex. — Taking  all  cases  together  the  female  sex  is  more  frequently 
affected  than  the  male ;  but  if  the  cases  of  pernicious  anaemia  due  to 
pregnancy  and  lactation  are  excluded,  the  remaining  cases  will  be 
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found  to  be  almost  equally  divided  between  the  sexes.  Bristowe  and 
Osier,  however,  state  that  it  is  slightly  more  common  in  the  male  sex. 
Of  my  own  cases  there  were  eight  male  and  seven  female  patients, 
none  of  the  latter  being  pregnant  or  parturient  women. 

Unhijijlenic  Conditions. — Insufficiency  of  fo(xl  and  confinement,  es- 
pecially when  these  are  combined  with  overwork  and  depressing 
conditions,  unquestionably  contribute  as  causes  in  certain  cases. 
Quincke  particularly^  called  attention  to  instances  developing  in 
persons  whose  diet  consisted  largely  of  potatoes  and  bad  coffee,  and 
Hayem  described  other  cases  occurring  in  persons  whose  diet  was 
chiefly  composed  of  bread  and  vegetables,  badly  prepared.  The  re- 
lation of  diet  to  the  disease  may  be  somewhat  better  understood  when 
the  influence  of  certain  gastric  disorders  upon  the  development  of 
pernicious  aniiemia  has  been  discussed,  though  doubtless  the  mere 
insufficienc}^  or  improper  qualit}'  of  food  may  be  active  without 
actual  gastric  disease. 

It  must  not,  however,  be  supposed  that  pernicious  anaemia  occurs 
only  among  the  badlj'  fed  and  ill-nourished.  On  the  contrary,  some 
of  the  most  striking  cases  that  I  have  seen  were  in  persons  whose 
surroundings  were  in  every  way  most  healthful. 

Kervous  Influences. — The  condition  of  the  nervous  system  unques- 
tionably holds  a  close  relation  to  anjemic  affections  in  general,  and  in 
particular  would  seem  to  have  some  influence  in  the  causation  of  per- 
nicious anaemia.  This  opinion  was  repeatedly  expressed  by  the  older 
writers,  notably  Lepine,  Wilks,  Coupland,  and  Eichhorst,  and  was 
well  illustrated  by  cases  reported  by  Curtin  a  number  of  years  since. 

TMiatever  the  influence  exerted  through  the  nervous  system  maj* 
be  and  in  whatever  manner  it  m&j  bring  about  the  disease,  certainly 
cases  are  not  rarely  met  with  in  which  some  unusually  severe  mental 
or  nervous  shock  is  followed  after  a  short  interval  by  the  manifesta- 
tions of  pernicious  anaemia.  In  other  cases  the  onset  of  the  disease 
is  less  immediately  attributable  to  shock,  but  the  occurrence  of  the 
affection  in  a  i)erson  for  a  long  time  subject  to  depressing  emotions 
and  severe  mental  strain  or  anxietj'  gives  some  justification  for  the 
view  that  it  is  dependent  upon  nervous  influences.  Kriiger  has  re- 
cently maintained  that  irritation  of  the  symfjathetic  nerves  giving  rise 
to  disturbed  functional  acti^"ity  of  the  spleen  is  an  imjjortant  factor 
in  the  causation  of  pernicious  anaemia  as  well  as  of  chlorosis,  and 
other  investigators  have  more  or  less  fully  coincided  in  this  \iew. 

The  effect  upon  their  children  of  shock  and  depressed  condi- 
tion of  the  nervous  system  in  nursing  women  is  of  interest  as  offer- 
ing a  suggestion  of  the  manner  in  which  shock  may  be  active.  In 
a  recent  case  under  m.y  own  observation  a  nursing  mother  was  seized 
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with  melancliolia  of  a  pronquncecl  type  and  lier  infant  soon  became 
markedly  anaemic.  The  change  was  rapid  and  progressive  until  arti- 
ficial food  was  supplied,  when  a  gradual  return  to  health  ensued. 
The  mother  herself  was  somewhat  ansemic  but  not  strikingly  so. 
The  child,  however,  was  of  a  waxen  color  and,  although  no  examina- 
tions of  its  blood  could  be  made,  presented  external  appearances  of  an 
intense  ansemia,  perhaps  it  might  be  said  of  pernicious  ansemia.  It 
is  not  unlikely  that  intoxication  of  the  child  occurred  through  its 
mother's  milk,  and  it  seems  possible  also  that  similar  poisons  might 
act  upon  the  individual  in  whom  they  were  produced. 

After  this  general  consideration  of  conditions  which  may  be  more 
or  less  active  in  causing  the  affection,  it  is  well  to  consider  certain 
diseases  or  states  of  the  system  which  appear  to  have  an  immediate 
connection  with  pernicious  anaemia.  Among  the  conditions  are 
pregnancy  and  lactation,  gastrointestinal  disease,  and  intestinal  para- 
sitism. 

Pregnancy  and  Lactation. — The  occurrence  of  a  severe  and  often 
fatal  anaemia  in  pregnancy  and  during  the  i^uerperal  period  has 
been  recognized  by  obstetric  writers  for  a  long  time.  Among  the 
earliest  to  call  attention  particularly  to  this  group  of  cases  was 
Channing,  of  Massachusetts,  to  whom  reference  has  already  been 
made.  This  observer  had  seen  cases  of  fatal  anaemia  occurring  in 
pregnancy  and  recorded  a  group  of  such  in  1842.  Among  these  one  at 
least  occurred  as  early  as  1832.  After  Channing,  Lauth  (1852), 
Lebert  (1853),  Chalot  (1858),  and  Gusserow  (1871)  added  to  the  lite- 
rature of  this  form  of  the  disease.  Some  of  these  cases  occurred  in 
the  course  of  pregnancy  uncomplicated  by  any  abnormality;  in 
other  cases  rapid  repetition  of  pregnancy  or  the  loss  of  blood  or 
complicating  affections  played  an  important  part.  The  majority  of 
cases,  however,  are  apparently  causeless,  the  blood  undergoing  more 
or  less  rapid  deterioration  without  the  presence  of  conditions  to  which 
this  could  properly  be  ascribed.  The  severe  anaemias  of  lactation  are 
sometimes  more  easily  explained,  large  losses  of  blood  during  labor, 
puerperal  infection,  or  other  complications  being  the  initial  conditions 
upon  which  the  anaemia  seems  dependent. 

Much  dispute  has  arisen  as  to  the  propriety  of  calling  such  cases 
instances  of  pernicious  anaemia,  but  many  at  least  present  the  char- 
acteristic blood  condition,  the  clinical  features,  and  the  general  course 
of  the  disease  so  that  it  is  probable  that  they  should  be  included. 
It  is  doubtful,  however,  whether  all  of  the  cases  recorded  as  instances 
of  puerperal  anaemia  are  to  be  included  with  cases  of  genuine  per- 
nicious anaemia.  The  great  frequency  of  recovery  in  these  cases  may 
of  course  be  due  to  the  fact  that  the  causes  are  often  transient,  but 
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on  the  other  hand,  awakens  the  suspicion  that  many  of  the  cases  are 
not  pernicious  anaemia  at  all. 

Gm{roi)ife<sfund  Diseases. — In  a  second  group  of  cases  lesions 
have  been  found  in  the  gastrointestinal  tract  and  notably  in  the 
stomach.  Fenwick,  who  was  the  first  to  direct  attention  to  this  cause 
of  pernicious  anaemia,  described  instances  of  atrophy  and  fatty  degen- 
eration of  the  stomach  and  interstitial  gastritis.  Similar  or  anal- 
ogous conditions  were  subsequently  described  by  Habershon,  Pon- 
fick,  Schumann,  Nothuagel,  Brabazon,  Nolen,  Henry  and  Osier,  and 
others.  In  these  cases  it  is  frequently  an  open  question  whether  the 
gastric  lesion  is  the  cause  of  the  anaemia  or  its  result.  In  cases  of 
simple  fatty  degeneration  of  the  gastric  tubules  it  is  quite  possible 
that  the  condition  of  the  stomach  is  secondaj-y  to  that  of  the  blood. 
On  the  other  hand,  in  instances  in  which  the  morbid  change  in  the 
stomach  consists  of  a  high  grade  of  interstitial  gastritis  or  cirrhosis 
of  the  stomach  it  is  unlikely  that  this  condition  is  dependent  upon 
the  anaemia.  The  same  maj'"  be  said  of  ulcerations  or  cancer  with 
which  pernicious  anaemia  has  occasionally  been  associated.  Similar 
conditions  affecting  the  intestines  may  also  be  met  with  and  probably 
often  play  a  causal  part.  The  individual  conditions  of  the  stomach 
and  intestines  will,  however,  be  described  in  the  section  on  the  mor- 
bid anatomy  of  the  affection,  and  further  reference  to  the  role  of  these 
lesions  in  the  causation  of  the  disease  will  be  made  in  speaking  of 
the  pathogenesis. 

Animal  Parasites. — ^For  a  long  time  severe  anaemia  has  been  recog- 
nized as  the  result  of  the  invasion  of  the  intestine  by  animal  para- 
sites, especially  by  the  Ankylostomum  duodenale.  The  anaemia 
dependent  upon  ankylostomiasis  was  recognized  by  the  older  ob- 
servers, such  as  Bilharz  and  Griesinger,  but  was  particularly^  studied 
by  Wucherer  (1872).  The  last-named  author  si)oke  of  it  under  the 
name  of  tropical  chlorosis.  In  Egypt  it  was  called  Egyptian  chloro- 
sis, but  it  has  been  more  recentlj^  recognized  as  having  the  same  gen- 
eral properties  and  peculiarities  as  ordinary  pernicious  anaemia. 
Subsequently  its  immediate  relation  with  the  latter  disease  was  Avell 
illustrated  among  the  laborers  engaged  in  making  the  St.  Gothard 
tunnel,  and  since  then  observers  in  all  parts  of  the  world  have  reported 
cases  of  this  description.  There  have  been  comparative!}-  few  cases  in 
North  America,  the  onlj^  one  with  which  I  am  familiar  being  one  ob- 
served in  a  recent  immigrant  at  St.  Louis  by  Dr.  Blickhahn.  Within 
a  few  months  (1896)  Bowen  has  recorded  cases  which  he  observed  in 
the  Barbadoes.  In  some  parts  of  South  America,  however,  anky- 
lostomiasis is  exceedingly  common.  The  frequency  in  certain  locali- 
ties may  be  seen  from  the  fact  that  Hirsch  was  able  to  report  one 
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hundred  and  twenty-six  cases  seen  in  the  Fiji  Islands  in  the  course 
of  a  year,  and  Sanwith  studied  four  hundred  and  two  at  Cairo. 

Another  parasite  that  seems  to  have  an  etiological  relation  with 
pernicious  anaemia  is  the  Bothriocephalus  latus.  Cases  of  severe 
an£emia  occurring  in  connection  with  the  presence  of  this  parasite 
have  been  recorded  by  Botkiu,  Hoffmann,  Reyher,  Euneberg,  Lich- 
theim,  Schapiro,  Dehio,  and  others.  The  close  relation  of  this  worm 
to  the  disease  is  evidenced  by  the  fact  that  in  not  a  few  of  the  cases 
observed  discharge  of  the  worm  has  been  followed  by  relief  of  the 
anaemic  condition.  In  the  case  of  this  parasite  as  well  as  of  the 
ankylostomum,  however,  it  must  be  admitted  that  pernicious  anaemia 
does  not  invariably  follow  the  parasitic  invasion,  and  this  fact  has 
been  made  use  of  by  those  who  would  maintain  that  the  anaemia  and 
parasitism  have  no  other  relation  than  that  of  coincidence.  This  co- 
incidence, however,  is  far  too  frequent  to  be  regarded  as  purely  ac- 
cidental, and  in  view  of  the  instances  alluded  to  in  which  cure  has 
followed  discharge  of  the  parasite  a  causal  relation  may  be  considered 
as  definitely  established.  Eeference  will  be  made  in  discussing  the 
pathogenesis  of  the  affection  to  the  way  in  which  these  parasites  are 
active  in  the  production  of  the  disease. 

A  few  cases  are  recorded  in  which  other  intestinal  worms  have 
seemed  to  bear  an  etiological  relation  to  pernicious  anaemia.  Among 
these  Botkin  and  Hoffmann  include  Taenia  solium,  Demme  records 
a  case  apparently  due  to  the  presence  of  Ascaris  lumbricoides,  and 
Eisenlohr  one  associated  with  the  presence  of  Taenia  saginata,  but  in 
these  cases  the  diagnosis  of  the  disease  and  to  a  less  extent  the  causal 
relation  of  the  parasite  are  open  to  some  doubt. 

We  must  next  consider  certain  conditions  which  have  been  sup- 
posed to  bear  an  immediate  relation  to  the  occurrence  of  pernicious 
anaemia,  but  of  the  importance  of  which  much  doubt  exists.  These 
are  hemorrhage,  certain  general  diseases,  and  infection. 

Hemorrhage. — Certain  writers  have  asserted  that  large  hemor- 
rhages or  repeated  small  hemorrhages  are  capable  of  producing  an 
anaemic  condition  like  that  of  pernicious  anaemia,  if  not  this  disease 
itself.  Recent  investigations,  however,  show  that  the  condition  of 
the  blood  after  hemorrhages  is  quite  distinct  from  that  of  pernicious 
anaemia,  and  is  specially  marked  by  the  great  reduction  in  the  quan- 
tity of  haemoglobin.  In  the  case  of  small  and  frequently  repeated 
hemorrhages,  however,  it  has  been  held  that  a  condition  of  the  blood 
is  brought  about  like  that  of  pernicious  anaemia,  and  in  particular  it 
has  been  claimed  that  the  ankylostomum  is  active  by  causing  such 
small  and  frequently  repeated  losses  of  blood.  This  view  of  the 
action  of  the  ankylostomum,  however,  has  not  met  with  general  ap- 
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prov.il  ;uh1  it  m:i.\-  lu'  i»(>iutecl  out  llmt  in  some  of  the  cases  of  severe 
l)ei'uic'ious  aua'iiiia  occurriiig  iu  cases  of  aukylostomiasis  a  very 
small  number  of  parasites  has  been  found;  whereas  in  other  cases 
in  which  very  many  ankylostoma  were  i^ resent  ijernicious  auctmia 
did  not  result.  The  former  of  these  facts  is  sufficient  to  indicate  that 
this  parasite  does  not  act  by  causing  hemorrhage. 

General  Diseases. — Various  general  diseases  have  been  supposed  to 
bear  a  relation  to  i)ernicious  amumia  and  in  particular  malaria,  scrof- 
ula, tuberculosis,  and  syphilis  have  been  so  regarded.  In  many  of 
these  cases  the  diagnosis  has  been  more  or  less  doubtful,  while  the 
actual  relation  of  the  general  disease  to  the  anaemic  condition  has 
scarcely  been  established.  Extreme  anaemia  undoubtedh^  occurs  in 
certain  cases  of  all  of  these  diseases,  but  only  rarely  (as  in  the  cases 
of  syphilis  recorded  by  Klein)  does  the  auremic  disease  assume  the 
type  of  pernicious  ansemia. 

Yarious  conditions  causing  debilitating  discharges  {Sci/teverluss) 
have  been  included  among  the  causes  of  secondary  ijernicious  ansemia 
b}'  Eichhorst,  but  both  the  diagnosis  and  exact  etiology  in  such  cases 
may  be  questioned. 

Infection. — Finally  w^e  may  consider  the  question  of  the  infectious- 
ness of  pernicious  anaemia.  It  has  already  been  stated  that  its  un- 
usual j)revalence  in  certain  parts  of  Switzerland  led  Immermann  to 
regard  the  disease  as  i)ossibly  infectious.  Birch-Hirschfeld,  judging 
from  the  evidence  of  pathological  studies  and  in  jjarticular  from 
the  tissue  destruction  and  the  retardation  of  coagulation,  was  simi- 
larly led  to  regard  the  disease  as  probably  infectious  in  nature.  More 
recently-  Hunter,  Gibson,  and  others  who  have  looked  uj)on  pernicious 
anaemia  as  a  condition  of  the  blood  resulting  from  intestinal  auto- 
intoxication, have  expressed  the  belief  that  various  forms  of  micro- 
bic  infection  of  the  gastrointestinal  tract,  or  possibly  some  specific 
form  of  such  infection,  plays  an  important  part  in  the  pathogenesis 
of  this  disease.  A  striking  case  which  points  to  the  probability 
of  this  view  was  one  seen  by  Jiirgensen.  In  this  case  marked  an- 
aemia rapidlj^  disappeared  after  the  administration  of  purgatives  and 
the  discharge  of  immense  numbers  of  the  Bacterium  termo.  A  case 
of  similar  significance  was  reported  by  Sandoz.  In  this  instance  a 
case  of  marked  and  progressive  anaemia  with  prominent  gastric 
symptoms  improved  rapidly  after  repeated  lavage  of  the  stomach. 
More  recently  an  analogous  case  has  been  reported  b}'  Meyer. 

Investigators,  however,  have  busied  themselves  with  the  study  of 

the  blood  itself  and  various  micro-organisms  have  been  discovered. 

Bernheim  found  small  bacilli ;    Aufrecht  a  vibrio  resembling  that  of 

relapsing  fever;   Klebs,  Frankeuhauser,  and  Petrone   certain  flagel- 
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late  organisms.  It  is  probable,  however,  that  the  latter  are  merely 
altered,  red  corpuscles,  such  as  Hayem  long  since  described.  These 
corpuscles  are  frequently  so  distorted  that  ihej  resemble  bacilli  or 
monadines,  and  I  have  frequently  found  them  presenting  the  active 
movements  described  b}'  Fraukenhauser  and  the  other  observers  who 
have  found  these  supposed  organisms  in  the  blood  of  pernicious 
anaemia.  Altogether  no  progress  has  resulted  from  bacteriological 
studies  of  the  blood,  and  if  the  prevailing  "sdews  of  the  nature  of  the 
disease  are  correct  it  is  more  likely  that  organisms  will  be  found 
in  the  gastrointestinal  tract  or  in  other  organs  rather  than  in  the 
blood. 

MoEBLD  Anatomy. 

The  surface  of  the  body  is  generally  extremely  pallid  and  not 
rarely  assumes  a  characteristic  lemon-yellow  hue.  This  involves  not 
only  the  skin  but  also  the  conjunctivae  and  the  other  visible  mucous 
membranes.  The  body  is  usually  not  much  emaciated,  though  in 
certain  cases  exti'eme  loss  of  flesh  has  been  observed.  As  a  rule, 
however,  the  subcutaneous  tissues  are  jjreserved  and  may  even  in- 
crease in  bulk  so  that  the  patient  actually  groMS  stouter  as  the  dis- 
ease advances.  This  increase  in  size  is  due  partly  to  serous  infilti-a- 
tion  or  dropsy,  which  is  rarely  absent  about  the  ankles  or  beneath 
the  eyes  in  fatal  cases  and  which  may  reach  the  extremest  grades  of 
anasarca.  Effusions  into  the  serous  ca^dties  are  not  rareh'  met  with. 
Usually  there  is  but  a  small  quantity  of  clear  liquid  in  the  pleural 
and  pericardial  sacs,  but  in  some  cases  the  amount  of  effusion  may  be 
very  great.  To  a  large  extent,  however,  the  flabbiness  and  bulkiness 
of  the  subcutaneous  tissues  are  due  to  adipose  tissue,  and  this  com- 
monly presents  a  deep  yellow  color  which  suggests  icteric  staining 
and  which  to  a  large  extent  is  doubtless  due  to  the  deposit  of  haema- 
togenous  pigment.  Lepine  has  suggested  that  it  is  caused  by  fer- 
rous sulphide.  The  internal  adipose  tissues  have  seemed  to  me  less 
markedly  affected,  l:)ut  throughout  the  body  the  fat  may  have  an 
orange-yellow  color.  The  muscles  are  usually  deep  red  in  color  and 
sometimes  have  a  somewhat  yellowish  hue.  There  is  generalh'  con- 
siderable atrophy,  and  this  is  particularly  noticeable  in  contrast 
with  the  well-preserved  subcutaneous  tissues.  Sometimes  fatty  de- 
generation occurs  in  the  peripheral  muscles  as  also  in  those  of  the 
abdomen  and  diaphragm.  There  are  certain  cases  of  pernicious 
anaemia  in  which  the  muscles  are  extremely  pale  without  being  other- 
wise diseased,  and  cases  again  in  which  they  present  a  practically 
normal  appearance. 

Ecchymoses  ma}   be  observed  upon  the  skin,  the  mucous  mem- 
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braues,  or  on  the  serous  surfaces.  They  are  more  coinmon  in  the. 
lower  extremities  than  in  the  upper,  and  usually  present  themselves 
in  tlie  form  of  minute  punctate  or  petechial  extravasations  into  the 
derma.  Occasional!}'  larger  suffusions  and  even  extensive  extravasa- 
tions may  occur.  Similar  lesions  are  seen  in  the  mucous  membranes 
and  ui)on  the  serous  surfaces.  While  these  ecchymoses  are  by  no 
means  rare,  they  are  less  common  than  would  ai)pear  from  many  of 
the  descriptions  of  the  morbid  anatomy  of  the  disease.  As  far  as  my 
own  experience  in  this  matter  is  concerned  they  have  been  present  in 
less  than  one-half  of  the  cases  that  have  come  to  autopsy. 

Of  great  importance  and  frequency  are  hemorrhages  into  the 
retina.  These  were  spoken  of  by  Biermer  and  more  particularly- 
studied  by  Manz  in  1875.  Since  then  they  have  been  noted  by  all 
observers.  They  present  themselves  in  the  form  of  small  hemor- 
rhagic extravasations  of  a  rounded  or  more  or  less  linear  shape,  dis- 
posed in  a  radiating  manner  about  the  optic  disc.  Frequently  the 
centre  of  the  hemorrhagic  area  is  clear  and  light  colored,  this  being 
due  in  some  cases  to  beginning  absorption,  in  other  cases  to  accumu- 
lation of  leucocytes,  or  still  again  to  absence  of  hemorrhage  in  that 
portion.     Occasionally  retinal  hemorrhages  are  quite  extensive. 

The  Blood. — -The  greatest  interest  in  the  pathology  of  this  disease 
attaches  to  the  condition  of  the  blood  itself. 

The  quantity  of  blood  in  pernicious  anaemia  has  never  been  satis- 
factorily' determined.  In  some  cases  it  would  seem,  however,  that  the 
aniTemia  is  not  alone  a  qualitative  one,  but  is  also  dependent  upon  a 
reduction  in  the  mass  of  the  blood.  This  is  particularly  true  of  those 
cases  in  which  emaciation  and  desiccation  of  the  tissues  are  marked 
and  in  which  the  peripheral  circulation  seems  so  reduced  that  blood 
ma}-  be  obtained  from  the  finger  only  after  considerable  difficulty. 
Quincke  endeavored  to  determine  in  two  cases  the  total  amount  of 
blood  and  found  it  to  be  respectively  5.0  and  4.34  per  cent,  of  the 
body  weight,  in  contrast  to  the  normal  of  about  eight  per  cent.  Un- 
fortunately the  difficulty  in  the  way  of  determiniiig  this  question 
either  clinically  or  post  mortem  leaves  it  a  matter  of  speculation. 

As  the  blood  flows  from  the  incision  into  the  finger  or  other  part 
of  the  body  it  usually  presents  a  more  or  less  characteristic  api:)ear- 
ance.  The  color  is  ordinarily  light  pink  or  red  and  the  general  ap- 
pearance has  been  likened  to  that  of  water  used  in  washing  meat 
(meat-washings).  In  certain  cases  it  has  been  found  of  a  reddish- 
brown  or  coffee  color  or  again  of  an  intense  brown  color,  but  the  light 
red  is  the  more  usual.  As  a  drop  of  blood  rests  upon  the  skin  the 
corpuscular  portion  soon  separates  from  the  clear  plasma  and  the 
base  of  the  di'op  may  be  almost  colorless.     In  most  cases  the  blood 
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flows  freely  from  a  small  incision,  but  occasionally,  as  was  before 
mentioned,  it  may  be  difficult  to  obtain  a  single  drop. 

The  specific  gravity  is  usually  diminisliecl.  Quincke  found  it  as 
low  as  1.0282  in  one  of  liis  cases  and  in  one  of  my  own  it  fell  to 
1.025.  Tliis  is  primarily  due  to  tlie  increased  amount  of  water  in  the 
blood,  secondarily  to  decrease  of  the  solid  constituents.  It  is  notable, 
however,  that  the  amount  of  albumin  in  the  serum  is  less  strikingly 
reduced  than  might  be  expected  from  the  degree  of  dilution  of  the 
blood.  The  fibrin  factors  which  might  seem  to  be  produced  from  the 
lack  of  coagulability  observed  have  been  found  increased  by  Marshall 
and  by  others  in  certain  cases.  Occasionally  peptone  (?)  and  albu- 
moses  are  detected  in  the  blood  and  xanthin  bodies  have  been  ob- 
served in  considerable  proportion. 

The  greatest  interest  attaches  to  the  enumeration  of  the  corpuscles 
and  the  estimation  of  the  hsemoglobin.  Marked  reduction  in  the 
number  of  red  corpuscles  or  erythrocytes  is  perhaps  the  most  signifi- 
cant and  characteristic  feature  of  the  disease.  This  reduction  or 
oligocythsemia  usually  falls  to  1,000,000,  or  20  per  cent,  of  the  normal, 
and  is  frequently  found  to  reach  800,000  or  600,000  (16  to  12  per 
cent.).  The  greatest  reduction  recorded  in  a  case  which  recovered 
was  that  found  by  Quincke,  the  count  being  143,000.  The  lowest 
count  I  have  myself  observed  was  450,000.  In  studying  a  case  dur- 
ing a  prolonged  period  it  is  usually  found  that  the  number  of  cor- 
puscles falls  rapidly  to  1,000,000  and  then  more  slowly  ;  and  it  may 
remain  stationary  for  a  long  time.  During  periods  of  improvement 
the  number  of  corpuscles  may  rapidly  increase  and  at  times  may 
almost  reach  the  normal. 

The  proportion  of  haemoglobin  is  always  greatly  reduced  but  is 
usually  much  less  diminished  than  that  of  the  corpuscles.  This  rela- 
tive excess  of  haemoglobin  is  a  fact  of  very  great  importance  in  diag- 
nosis and  was  first  emphasized  by  Laache  and  Hayem.  The  latter 
has  found  the  "globular  richness"  (that  is,  the  relative  amount  of 
haemoglobin  contained  by  each  corpuscle  as  compared  to  the  normal 
amount  contained  by  each  corpuscle)  to  be  as  much  as  1.7.  In  other 
words,  each  corpuscle  on  an  average  contained  nearly  twice  as  much 
haemoglobin  as  in  normal  blood.  This  excess  of  haemoglobin  is 
probably  to  a  large  extent  due  to  the  existence  of  many  large  red  cor- 
puscles or  megalocytes.  To  a  certain  extent,  however,  it  is  due  also 
to  the  occurrence  of  haemoglobinsemia. 

The  study  of  the  individual  red  corpuscles  is  most  important  and 
we  distinguish  large  giant  forms,  small  dwarf  corpuscles,  irregular 
forms,  and  nucleated  corpuscles. 

Giant  red  corpuscles  or  megalocytes  are  always  a  striking  feature 
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in  the  blood  of  this  dist^ase.  They  were  liist  cureiully  studied  by 
Hay  em,  who  fouud  that  they  may  constitute  fully  one-eighth  of  all  of 
the  corpuscles  and  may  have  a  mean  diameter  of  from  8.5  to  10 //. 
Usually  they  are  large,  flabby,  and  strikingly  pale  corimscles  with- 
out discoverable  central  depression  or  concavity  and  which  in  the 
stained  i)rei)aratiou  show  their  lac-k  of  haemoglobin  by  the  i)allor  of 
the  central  i)ortioiis.  Their  outline  may  be  entirely  rounded,  but  more 
frequentl}^  they  are  somewhat  oblong  or  elliptical,  and  Henry,  who 
has  particularly  directed  attention  to  the  latter  fact,  suggests  that 
this  is  an  evidence  of  the  return  of  the  corpuscle  to  a  lower  type,  that 
of  the  reptilian  blood. 

Small  dwarf  cori)uscles  or  microc^'tes  w'hicli  were  first  described  by 
Masius  and  Vanlair  (1871)  are  less  distinctive  of  pernicious  anaemia 
and  are  less  striking.  In  almost  all  cases,  liowever,  tliere  will  be 
fouud  small  red  corpuscles,  some  of  them  scarcely  the  size  of  a  normal 
blood  i^laque,  others  nearly  the  size  of  the  normal  red  corpuscles. 

These  may  be  of  the  ordinary  amber  color  of  the  erythrocytes, 
but,  as  Eiclihorst  has  jjointed  out,  some  of  them  are  of  intensely  high 
color  and  high  refractive  power,  as  if  they  contained  a  large  excess  of 
hsemoglobin.  The  latter  forms  in  particular  have  been  regarded  as 
significant,  but  they  are  not  observed  in  all  cases  and  they  have  been 
seen  in  other  forms  of  anaemia. 

Irregular  red  corpuscles  are  highly  significant.  Attention  was 
fii'st  directed  to  them  by  Quincke,  who  applied  the  term  poikilocytes ; 
later  Ehrlich  designated  them  by  the  term  schistocj^tes.  These  irreg- 
ular red  corpuscles  are  of  the  most  varied  shape  and  appearance. 
In  many  cases  they  differ  but  little  from  the  normal  corpuscle,  being 
drawn  out  into  a  fine  jDoiut  at  one  part  of  the  periphery',  somewhat  as 
if  there  were  a  ciliated  attachment.  In  other  cases  the  corpuscle 
assumes  a  lanceolate  form,  one  end  being  broad  and  rounded,  the 
other  end  tajjering  to  a  fine  extremity.  In  still  other  cases  the  out- 
line of  the  corpuscle  is  undulating  and  irregular  or  the  circumference 
is  broken  and  augulated.  Star-shaped  formations,  small  broken  or 
fragmented  corpuscles  and  club-shaped  or  other  bizarre  forms  are 
often  seen.  The  size  of  these  x^oikilocytes  varies  verj^  greath'.  Some 
of  them  are  mere  jDoints,  others  reach  very  considerable  dimensions, 
being  as  large  as  15  ij.  or  even  20  :>■  in  diameter.  The  color  differs 
with  the  size  as  is  the  case  in  the  normally  shaped  corpuscles,  the 
larger  ones  being  usually  poor  in  haemoglobin,  the  smaller  ones  com- 
paratively or  apparently  rich  in  coloring  matter.  This,  hoAvever,  is 
by  no  means  constantly  true;  many  of  the  smallest  poikilocytes  are 
finite  devoid  of  color  while  the  large  forms  may  be  quite  dark.  As  a 
rule  the  dra-mi-out  extremities  are  extremely  pale,  excepting  possibly 
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at  the  vei'}'  end;    the  rounded  parts  of  the  corpuscle  are  usually  the 
darkest. 

Occasionally  amoeboid  movements  are  discovered  in  the  poikilo- 
cytes  or  in  the  other  form  of  red  corpuscles.     This  iDhenomenon  was 


Fig.  38.— Poikilocytes  and  Nucleated  Erythrocytes  in  Progressive  Pernicious  Anaemia. 


first  observed  by  Friedreich,  but  was  subsequently  confirmed  by  Pilz, 
Eichhorst,  and  others.  These  movements  are  generally  slow  and  un- 
dulating; but  Hay  em  has  called  attention  to  another  form  of  move- 
ment which  affects  particularly  certain  small  forms  of  red  corpuscles 
having  a  shape  not  unlike  small  micrococci  or  bacilli,  the  bodies  in 
question  being  in  fact  microcytes  and  poikilocytes  of  extremely  small 
size.  These  are  sometimes  seen  to  move  with  considerable  rapidity 
after  the  fashion  of  bacteria,  and  have  therefore  been  appropriately 
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called  pst'udo-iiarasites.  It  is  jiiobable-  these  foniiatioiis  aie  those 
which  certain  observers  have  mistaken  for  l)acteria  aud  mouadiues. 

Nucleated  red  c(n"piiscles  or  erythroblasts  are  a  constant  feature 
of  the  disease  and  are  of  particular  significance  in  indicating  the 
nature  and  severity  of  tlie  process.  As  a  ride  their  number  is  rather 
small  so  that  it  may  be  difficult  to  find  more  than  a  few  in  a  cover- 
slip  preparation.  In  other  cases  they  may  be  so  numerous  that 
scarcely  a  field  can  be  found  in  which  one  or  more  do  not  a])j)ear. 
The  size  of  the  nucleated  red  corpuscles  varies  as  does  that  of  the 
normal  forms,  and  we  may  distinguish  normol^lasts,  microblasts,  and 
megaloblasts  according  as  the  size  is  normal,  small,  or  large.  The 
term  microblast  may  be  applied  to  the  exti-emeh'  small  formations 
containing  nuclei,  while  the  name  normoblast  is  given  to  those  of  the 
average  size,  which  is  generally  somewhat  smaller  than  that  of  the 
non-nucleated  red  corpuscle.  The  term  megaloblast  is  given  to 
nucleated  erythrocytes  of  larger  size  than  the  normal  red  cells.  In 
the  smaller  forms  the  nuclei  usually  lie  towards  one  side  of  the  cor- 
l)uscle,  being  surrounded  by  a  relatively  small  amount  of  protoplasm. 
In  the  megaloblasts  the  nucleus  is  more  centi-ally  located.  Prepara- 
tions treated  Math  nuclear  stains  show  the  nuclei  of  the  erythroblasts 
intensely  colored,  this  being  true  of  the  smaller  forms  in  particular. 
Not  rarely  karyokinetic  figures  may  be  detected  and  actual  division 
of  the  nuclei  into  two  or  four  parts  is  frequently  observed.  Granular 
nuclear  degeneration  is  sometimes  seen,  esj)ecially  in  the  megalo- 
blasts. Certain  observers  have  reported  nuclear  extrusions  as  a  \'isi- 
ble  i^rocess  affecting  the  normoblasts. 

Ton  Noorden  speaks  of  blood  crises,  this  term  being  applied  to 
the  appearance  from  time  to  time  of  great  numbers  of  normoblasts. 
The  crises  last  from  four  to  six  daj'S  and  are  followed  by  great  in- 
crease in  the  number  of  corpuscles. 

Shadow  forms,  or  ScJmffen  (Ponfick),  are  commonly  seen  in  this 
disease,  though  they  are  rarely  abundant.  The  term  is  applied  to 
red  corpuscles  almost  entirely  devoid  of  color  and  visible  merely  as  a 
pale  circle.  At  times  faint  granular  matter  may  be  obseiwed  within 
them  or  near  the  i)eriphery. 

Particular  attention  has  been  directed  to  certain  peculiarities 
manifested  towards  staining  reagents  in  this  and  other  diseases.  Nor- 
mally the  red  corpuscles  when  treated  after  the  ordinary  method  by 
drying  in  the  air  and  fixing  with  heat  or  chemical  substances  is 
mouochromatophile,  that  is,  it  assumes  a  single  color  when  stained 
with  mixtures  of  several  stains.  In  pernicious  anremia  it  is  found 
that  certain  of  the  large  megalocytes  and  sometimes  other  corpuscles 
become  polychromatophile,  so  that  when  the  preparation  is  stained 
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with  lisematoxylon  and  eosin,  for  example,  the  affected  corpuscles 
present  a  purple  or  violaceous  color.  This  has  been  cited  by  Ehrlich 
as  an  evidence  of  degeneration  and  has  been  held  to  be  of  peculiar 
significance  in  pernicious  anaemia.  Neither  of  these  claims  can, 
however,  be  justified,  though  the  occurrence  of  corpuscles  of  this 
description  is  quite  commonly  observed  in  pernicious  anaemia. 

The  white  corpuscles  play  no  prominent  or  important  part  in  this 
disease.  Frequently  in  the  earlier  stages  there  may  be  found  an 
actual  decrease  in  their  number,  but  more  frequently  the  number  is 
normal  or  there  is  a  relative  leucocytosis.  Towards  the  end  of  the 
disease  the  number  of  leucocytes  may  increase  very  notably,  and  the 
leucocytosis  may  be  sufficient  to  give  rise  to  the  suspicion  of  leukse- 
mia.  Doubtless  some  of  the  cases  which  have  been  recorded  as 
instances  of  the  transformation  of  pernicious  anaemia  into  leukaemia 
have  been  of  this  nature.  This  terminal  or  preagonal  leucocytosis 
sometimes  becomes  excessive.  The  proportion  of  white  corpuscles  to 
red  is  as  one  to  five  or  even  one  to  two,  the  actual  number  of  leuco- 
cytes per  cubic  millimetre  being  as  great  as  100,000  or  200,000. 
Some  observers  have  called  attention  to  the  preponderance  of  large 
mononuclear  forms  among  the  leucocytes  of  pernicious  anaemia.  In 
cases  in  which  there  is  leucocytosis  I  have  usually  found,  on  the 
contrary,  a  great  excess  of  the  small  lymphocytes,  but  have  also  seen 
large  numbers  of  the  mononuclear  forms  and  sometimes  typical 
myelocytes. 

The  blood  plaques  vary  greatl}'  in  number.  The  difficulty  of 
determining  the  normal  number  makes  it  especially  difficult  to  esti- 
mate their  relative  proportion  in  pernicious  anaemia.  Certain  authors 
(Hayem)  have  held  that  they  are  diminished  and  have  made  this  a 
ground  for  asserting  that  the  disease  is  due  to  retarded  haemogenesis. 
Some,  however,  have  found  the  number  increased,  and  I  can  confirm 
the  experience  of  others  that  there  are  sometimes  surprisingly  large 
numbers  as  far  as  one  may  judge  from  the  groups  or  clusters  observed. 

The  heart  presents  most  important  conditions.  Biermer  had 
called  attention  to  the  fatty  degeneration  of  this  organ  occurring  in 
pernicious  anaemia,  but  Ponfick  in  his  studies  of  the  fatty  heart  (1873) 
was  the  first  to  consider  it  elaborately.  Frequently  the  organ  is  en- 
larged ;  but  on  the  other  hand  may  be  much  diminished  in  size.  The 
specific  gravity  is  reduced  so  that  the  weight  of  the  organ  may  be 
considerably  below  the  normal.  The  substance  is  flabby  and  on 
section  the  evidences  of  ioXij  degeneration  are  more  or  less  pro- 
nounced. In  the  case  of  moderate  involvement  of  the  heart  the  endo- 
cardial surface  presents  a  peculiar  spotted  appearance,  due  to  the 
presence  of  lines  or  rounded  areas  of  yellowish  color  alternating  with 
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the  darker  color  of  tlio  normal  eudocardiuiii  and  underlying  heart 
nlusc'l(^  The  term  "tabb}-  mottling"  Iuih  been  well  ai)i)lied  to  this 
condition.  The  cross  section  of  the  substance  of  the  organ  shows  a 
similar  contrast  of  yellowish  and  dark  color  from  the  presence  of 
localized  areas  of  fatty  degeneration.  When  the  process  is  advanced 
the  entire  substance  is  light  yellow  in  color  and  extremely  flabby. 
At  the  same  time  it  is  friable  and  may  be  easily  broken  wdth  the  fin- 
gers. The  cavities  are  usually  somewhat  enlarged,  and  not  rarely 
extreme  dilatation  of  the  chambers  occurs  shortly  before  death  and 
is  f(Hind  jiost  mortem.  The  epicardium  presents  no  characteristic 
changes,  though  not  rarely  the  amount  of  subepicardial  fat  is  quite 
considerable  and  may  be  in  excess  of  the  normal. 

Within  the  chambers  of  the  heart  may  be  found  blood  clots  of 
light  color  and  rather  friable  structure.  Their  smallness  and  light 
color  are  decidedly  striking  in  comparison  with  the  conditions  usu- 
ally observed  in  persons  dead  of  chronic  diseases.  In  other  cases 
the  cavities  may  be  almost  comj)letely  empty,  containing  no  clot  at  all 
and  only  a  small  amount  of  pale  watery  blood.  The  larger  blood- 
vessels entering  the  heart  rarely  contain  clots  and  the  entire  vascular 
system  is  prone  to  be  empt3^ 

The  lungs  present  no  constant  abnormalities.  Sometimes  small 
hemorrhages  are  observed.  More  frequently  the  bases  of  the  lungs 
are  oedematous.  In  the  latter  case  the  jjosterior  and  basal  portions 
of  the  lungs  are  prone  to  be  intensely  hypersemic  as  compared  with 
the  other  parts  of  the  organ ;  but,  on  the  other  hand,  the  oedematous 
portions  may  be  extremely  pallid  in  color  and  without  an}^  sugges- 
tion of  hypersemia.  I  have  rarely  seen  oedema  of  the  lungs  equal 
that  which  occurred  in  two  recent  cases  of  j^ernicious  anaemia. 

Notable  changes  are  found  in  the  gastrointestinal  tract.  Biermer 
and  the  older  writers  called  attention  to  the  fattj^  condition  of  the 
liver,  and  not  a  few  were  disposed  to  regard  this  as  a  most  important 
factor  in  the  etiology  of  the  disease  (Perroud) .  The  liver  is  usually 
pale,  partly  in  consequence  of  ansemia  and  partly  in  consequence  of 
fatty  degeneration.  The  ai^pearance  is  usually  but  little  altered, 
though  in  some  cases  the  organ  is  enlarged,  and  Hanot  and  Legry 
have  noted  simple  atrophy.  The  most  important  fact  in  the  mor- 
bid anatomy  of  this  organ,  however,  is  the  abnormal  deposit  of 
ferruginous  pigment,  which  was  first  pointed  out  by  Quincke  in  1876 
and  sul)sequently  studied  by  Eosenstein,  Quincke,  Peters,  Stahl, 
Hunter,  Griffith  and  Burr,  and  others.  The  iron  pigment  is  demon- 
strated by  treating  sections  of  the  tissue  with  solutions  of  sulphide  of 
ammonium,  which  causes  a  black  discoloration  due  to  the  formation 
of  sulphide  of  iron,  or  by  placing  the  sections  in  solutions  of  ferro- 
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cyanide  of  potassium  for  some  hours,  and  subsequently  in  weak  soIut 
tions  of  hydrocliloric  acid  for  a  similar  length  of  time.  In  the  latter 
case  a  discoloration  is  occasioned  by  the  formation  of  Prussian  blue 
in  the  areas  containing  ferruginous  pigment. 

These  studies  show  the  presence  in  certain  portions  of  the  hepatic 
substance  of  large  quantities  of  iron-containing  pigment,  the  quan- 
tity in  some  cases  being  estimated  by  Hunter  as  ten  times  the  nor- 
mal. Not  only  is  this  excess  of  pigment  more  or  less  characteristic 
of  the  disease,  but  additionally  the  distribution  in  the  hepatic  sub- 
stance seems  of  prime  importance.  Hunter  and  those  who  have 
studied  the  question  since  his  observations  find  the  pigment  mainly 
deposited  in  the  cells  of  the  outer  and  middle  zones, of  the  hepatic 
lobules.  In  addition  to  this,  which  may  be  called  the  essential  and 
characteristic  hsematogenous  pigmentation  of  the  hepatic  cells.  Hunter 
has  more  recently  described  a  second  form  of  deposition  of  iron  pig- 
ment which  occurs  in  the  leucocytes  and  endothelial  cells  of  the 
hepatic  capillaries  and  which  he  holds  to  be  of  no  significance.  In 
addition  to  these  microchemical  tests  analyses  have  been  made  of 
the  hepatic  substance  in  numbers  of  cases,  and  in  this  manner  also 
(although  it  must  be  confessed  that  this  is  comparatively  unreliable) 
it  has  been  found  that  the  liver  contains  excessive  quantities  of  iron. 
Occasionally  hemorrhages  have  been  found  in  the  liver,  and  Lebert 
alludes  to  the  occurrence  of  leucin  and  tyrosin  in  excessive  quantity 
in  one  instance. 

The  gall  bladder  is  frequentlj'^  greatly  distended  with  bile,  but  in 
other  cases  no  such  condition  is  observed. 

Certain  pathological  conditions  of  the  stomach  have  been  discov- 
ered in  cases  of  pernicious  ansemia  and  would  seem  to  bear  a  close 
relationship  with  the  disease.  Fenwick  in  1870  first  directed  atten- 
tion to  the  occurrence  of  fatty  degeneration  of  the  gastric  tubules. 
Subsequently  similar  conditions  of  the  stomach  were  reported  by 
Habershon,  Ponfick,  Schumann,  Brabazon,  Nothnagel,  Nolen,  Henry, 
and  Osier.  The  most  frequent  condition  found  in  the  stomach  is 
that  which  has  been  spoken  of  as  fatty  degeneration  of  the  tubules. 
The  mucosa  may  present  no  striking  changes  on  macroscopic  exami- 
nation, but,  on  the  other  hand,  may  be  visibly  altered.  In  the  latter 
instances  the  walls  of  the  stomach  and  particularly^  the  mucous  mem- 
brane may  seem  to  be  greatly  thinned  and  at  the  same  time  there 
may  be  a  softer  and  more  friable  condition  of  the  mucosa.  Micro- 
scopically portions  treated  with  osmic  acid  show  a  high  grade  of  fatty 
degeneration  of  the  epithelium  of  the  tubules.  In  many  places  a 
complete  destruction  of  the  epithelium  may  be  noted,  and  the  in- 
tertubular  tissues  are  found  to  have  undergone  a  more  or  less  com- 
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meusurate  amount  of  reactive  hyperplasia.  Sometimes  eomi)lete 
glandular  atrophy  or  destructiou  is  nototl,  and  the  lining  meml)rane 
of  the  stomach  consists  of  merely  llattened  epithelium,  all  semblance 
of  the  glandular  mucosa  having  disapi)eared. 

Another  class  of  changes  noted  in  the  stomach  is  characterized  by 
the  overgrowth  of  connective  tissue  in  the  mucous  membrane  and 
submucosa.  The  walls  of  the  stomach  may  become  greatly  thick- 
ened, the  mucous  membrane  hard,  and  the  ruga?  either  Avell  marked 
or  completely  flattened  out.  Microscopically  generalized  hyi)erplasia 
of  the  connective-tissue  elements  and  more  or  less  atroi^hy  and  de- 
generation of  the  glands  are  the  striking  features.  The  submucosa 
may  be  converted  into  a  layer  of  dense,  sclerotic  coimective  tissue 
and  its  blood-vessels  often  present  marked  thickening  of  their  walls. 
The  fibrous-tissue  invasion  is  less  pronounced  in  the  mucosa  proper, 
but  may  extend  between  the  tubules,  surrounding  them  and  distorting 
them  to  an  extreme  degree.  Cancer  of  the  stomach  has  been  found  in 
certain  cases  of  pernicious  anaemia  and  has  seemed  to  bear  a  relation 
closer  than  that  of  mere  coincidence.  Lubarsch  has  recently  de- 
scribed two  such  cases  and  one  has  come  imder  my  o^vn  notice  within 
a  short  time. 

Somewhat  similar  affections  of  the  intestines  have  been  described 
in  cases  of  j)ernicious  anaemia.  The  relation  of  intestinal  disturbances 
to  anaemia  was  pointed  out  as  early  as  1856  byWuuderlich,  and  subse- 
(juently  Grohe,  Biermer,  and  other  writers  alluded  to  similar  observa- 
tions. HomoUe  referred  to  simple  duodenitis  in  association  with 
pernicious  anaemia,  while  ulcers  of  the  duodenum  and  stomach  were 
found  hj  Zahn  and  Litteu.  Recently  in  a  case  under  the  care  of 
Professor  Pepper,  mucous  colitis  seemed  to  bear  an  intimate  relation 
to  the  anaemic  affection.  Lubarsch  reports  a  case  of  cancer  of  the 
ileum. 

Morbid  lesions  have  been  described  as  occurring  in  the  nervous 
ganglia  connected  with  the  stomach  and  intestines.  Thus  Jiirgensen 
and  Sakaki  refer  to  the  occurrence  of  fatty  degeneration  and  atrophy 
of  the  plexuses  of  Meissner  and  Auerbach,  while  Queckett,  AYilks,  and 
Brigidi  found  atrophy,  fatty  degeneration,  and  interstitial  changes 
affecting  the  large  sympathetic  ganglia  of  the  abdomen,  notably  the 
semilunar  ganglia. 

The  pancreas  is  occasionally  found  softer  than  normal  and  may 
exhibit  considerable  parenchymatous  or  fatty  degeneration  of  the 
epithelial  cells.  These  changes,  however,  are  neither  constant  nor 
of  particular  significance.  Sections  stained  for  iron  pigment  occa- 
sionally exhibit  a  considerable  deposit  of  such,  but  not  with  the  regu- 
laritv  observed  in  the  case  of  the  liver. 
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The  kidneys  usually  present  marked  alteration.  As  a  rule  they 
are  enlarged  and  the  capsule  maj^  be  tensely  distended.  On  section 
the  organs  are  found  to  be  soft  and  generally  more  friable  than  nor- 
mal. Their  color  is  intensely  pale  and  the  contrast  between  the  cor- 
tex and  medulla  may  be  exceedingly  faint.  On  the  other  hand,  the 
medullary  pyramids  may  be  congested  and  in  such  cases  stand  out 
prominently  in  comparison  with  the  iJale  cortical  substance.  The 
color  of  the  parenchyma  is  usually  a  light  grayish  or  yellowish  and 
is  ordinarily  quite  uniform.  The  capsule  of  the  organ  strips  easily. 
Microscopic  examination  of  the  sections  reveals  a  high  grade  of  albu- 
minous degeneration  and  fatty  metamorphosis  of  the  renal  cells. 
This  is  most  pronounced  in  the  convoluted  tubules,  but  may  affect  all 
parts  of  the  organ.  The  glomeruli  as  a  rule  show  no  marked  altera- 
tions, but  in  some  instances  hemorrhagic  extravasations  are  observed 
in  this  situation.  Deposition  of  iron-containing  pigment  has  been 
repeatedly  observed. 

The  suprarenal  bodies  as  a  rule  present  no  abnormalities,  though 
they  may  be  smaller  in  size  than  the  normal. 

Important  alterations  have  been  discovered  in  the  nervous  system 
in  pernicious  ansemia.  The  entire  central  nervous  system  is  usually 
anaemic  and  the  convolutions  of  the  brain  may  present  a  shrunken 
appearance.  Not  rarely  oedema  of  the  membranes  and  serous  exu- 
dation may  be  quite  marked.  Small  capillary  hemorrhages  are  fre- 
quently observed  in  the  membranes  and  in  the  white  matter  of  the 
brain  or  cord.     Large  hemorrhages  rarely  occur. 

Most  important  changes  have  been  discovered  in  the  spinal  cord. 
Lichtheim,  who  first  directed  attention  to  this  in  1887,  reported  two 
cases  in  which  degeneration  of  the  posterior  columns  and  slight 
changes  in  the  lateral  and  anterior  columns  w^ere  detected.  Subse- 
quently he  pointed  out  that,  unlike  the  changes  found  in  tabes,  this 
degeneration  mainly  affected  the  cervical  region.  Additional  cases 
were  observed  by  Minick,  v.  Noorden,  Eisenlohr,  Bowman,  Burr,  and 
others.  The  latter  in  a  study  of  seven  cases  has  found  similar 
changes  to  those  described  by  Lichtheim.  Areas  of  degeneration 
occur  in  the  posterior  columns  and  to  a  less  extent  in  the  lateral  tracts. 
These  were  almost  always  symmetrical  on  the  two  sides,  although 
occasionally  the  changes  extended  farther  down  upon  one  side  than 
the  other.  In  the  posterior  columns  the  alterations  were  most 
marked  in  the  cervical  region  and  often  occurred  in  two  portions,  one 
affecting  the  posterior  median,  the  other  the  posterior  lateral 
columns.  The  lesions  in  the  lateral  columns  were  always  separated 
from  the  posterior  roots  by  an  area  of  normal  white  matter.  The  gray 
matter  and  the  nerve  roots  are  but  little  affected.     Gross  deformity 
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of  the  cord  is  never  produced.  All  of  the  iuvestigators  who  have 
studied  this  subject  couclude  that  the  cord  changes  are  such  as  would 
be  produced  by  a  poison  circulating  in  the  blood.  There  is  no  evi- 
dence that  the  changes  are  the  result  either  of  hemorrhage  or  of 
simi)le  starvation  due  to  anaemia. 

AUcrtii'ious  ill  the  Bone  ^farrow. — In  1875  Pepper  and  about  the 
same  time  Fede  called  attention  to  the  occurrence  of  changes  in 
the  bone  marrow  in  this  disease.  Subsequently  Cohnheim,  Scheb^'- 
Biich,  and  others  have  contributed  investigations  in  the  same  direc- 
tion. Briefly,  the  alteration  Avhich  occurs  in  the  bone  marrcnv  may 
be  said  to  be  a  return  from  the  fatty  state  characteristic  of  the  adult 
marrow  to  the  embryonal,  fcjetal,  or  lymphoid  condition.  There  is 
in  consequence  a  change  from  a  yellowish  or  fatt}'  appearance  to 
a  more  or  less  red  or  violaceous  color.  In  some  cases  the  red  color 
is  confined  to  small  punctiform  or  insular  areas  scattered  here  and 
there  in  the  marrow  substance.  In  other  cases  there  is  a  uniform 
reddish  or  violaceous  discoloration  and  the  marrow  ma}"  become 
extremely  soft,  almost  or  quite  to  diffluence.  These  changes  are 
characteristic  only  when  seen  in  the  long  bones  and  for  the  most 
part  may  be  studied  in  the  tibia.  The  marrow  change  th&j  occur 
rapidly  and  may  at  once  involve  the  entire  marrow  system,  or,  on 
the  other  hand,  the  appearances  maj^  be  such  as  to  suggest  that  the 
alterations  had  occurred  in  an  interrupted  fashion.  Microscopically 
the  important  changes  are  the  disappearance  of  fat  cells  and  an 
enormous  increase  of  nucleated  erythrocytes.  In  some  of  the  cases 
I  have  seen,  the  fat  seemed  to  hare  disappeared  entirely  from  the 
marrow.  The  preparations  made  by  spreading  portions  upon  cover- 
glasses,  and  fixing  and  staining  these  according  to  the  methods 
practised  with  cover-glass  preparations  of  blood,  have  piresented  im- 
mense numbers  of  nucleated  corpuscles  varying  in  size  from  minute 
forms,  scarce  a  third  the  size  of  the  normal  corpuscle,  to  the  extremest 
forms  of  giant  erythroblasts.  These  may  contain  a  single  nucleus  or 
one  in  which  more  or  less  fully  accomplished  nuclear  division  is 
taking  place.  In  addition  to  the  nucleated  red  corpuscles  there  are 
non-nucleated  forms  of  all  kinds.  These  are  notable  especially  on  ac- 
count of  their  great  differences  in  size  and  shape,  and  the  variation  in 
the  amount  of  haemoglobin  contained.  Some  are  intensely  colored, 
others  normal,  and  still  others  scarcely  visible.  Large  cells  contain- 
ing erythrocytes  are  frequently  observed.  The  marrow  cells  are  com- 
paratively inconspicuous  but  present  no  abnormal  features.  These 
changes  in  the  marrow,  however,  are  neither  confined  to  pernicious 
anaemia  nor  are  they  invariably  present  in  this  disease.  Neumann 
long  ago  pointed  out  that  the  marrow  changes  seen  in  pernicious 
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anaemia  occur  also  in  otlier  aneemic  affections,  and  that  in  all  prob- 
ability they  are  the  result  rather  than  the  cause  of  ansemia.  Similar 
changes  are  seen  in  advanced  cases  of  secondary  anaemia,  notably  in 
cancerous  cachexia  and  certain  long-continued  infections.  On  the 
other  hand,  as  was  stated,  the  marrow  changes  may  be  absent -in  cer- 
tain cases  of  pernicious  anaemia. 

Pathogenesis. 

The  nature  of  xjernicious  anaemia  has  occasioned  a  very  consider- 
able amount  of  speculation  and  experimentation.  The  earlier  writers, 
in  consequence  of  the  apparently  causeless,  progressive,  and  uncon- 
trollable character  of  the  affection,  looked  upon  it  as  a  vitiation  of  the 
blood-making  functions  and  therefore  included  it  in  the  category  of 
the  primary  or  essential  anaemias.  In  favor  of  this  view  they  pointed 
to  the  occurrence  of  ill-formed  corpuscles,  of  microcytes  and  macro- 
cytes,  and  to  the  nucleated  corpuscles  as  indications  of  disturbances 
of  haemogenesis.  After  the  discovery  of  the  marrow  changes  this  was 
stated  as  a  still  further  evidence  of  the  haemogenic  origin  of  the 
disease,  the  marrow  changes  being  looked  upon  as  alterations  which 
might  interfere  with  the  proper  activity  of  this  structure.  Kindileisch 
in  particular  alluded  to  a  case  in  which  practically  all  of  the  cells  of 
the  marrow  were  nucleated,  and  advanced  the  theory  that  pernicious 
anaemia  is  the  result  of  disturbed  haemogenesis,  the  latter  being 
brought  about  by  the  inability  of  the  nucleated  erythrocytes  of  the 
marrow  to  discharge  their  nuclei  and  hj  the  consequent  arrest  of  the 
cycle  of  development  of  the  red  corpuscles. 

The  discovery  by  Quincke  in  1876  of  large  quantities  of  ferrugin- 
ous pigment  in  the  hepatic  cells  inaugurated  a  series  of  investigations 
which  have  had  as  their  result  the  almost  general  acceptance  of  the 
view  that  pernicious  anaemia  is  essentially  an  haemolytic  disease  and 
that  disturbance  of  haemogenesis  plaj^s  but  an  inferior  part.  This 
view  has  been  ably  develojjed  by  William  Hunter,  to  whom  the 
credit  of  its  general  acceptance  is  eminently  due.  As  evidence  in 
favor  of  the  existence  of  active  haemolysis  the  occurrence  of  icterus, 
of  abnormal  deposits  of  haematogenous  pigment  in  various  organs, 
the  excess  of  urobilin  excreted  in  the  urine,  and  the  occasional 
occurrence  of  haemoglobinaemia  may  be  cited  as  the  most  striking. 
In  addition  to  this  it  has  been  found  by  experimenters,  notably 
by  Silbermann,  that  anaemic  conditions  resembling  pernicious  an- 
aemia, may  be  produced  by  the  injection  of  haemolytic  poisons  into 
animals,  and  Hunter  and  other  experimenters  have  found  it  possible 
to  produce  pigmentation  and  other  results  similar  to  those  observed 
in  pernicious  anaemia  by  poisons  of  the  same  kind. 
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Regarding  the  place  of  occurreuce  aud  the  cause  of  the  hji^molvHis 
oi)iuioii  varies.  Hunter,  Aukl,  and  others  hold  to  the  view  that  the 
spleen  is  the  seat  of  active  luemolysis.  On  the  other  hand,  evidence 
is  not  wanting  that  the  actual  hajmolytic  i)rocesses  take  place  in  the 
liver,  and  recent  studies  of  the  disassociation  of  lijieiuoglobin  into 
haamosideriu  and  hcUinatoidin  or  one  of  its  congeners  would  indicate 
that  the  hsemolysis  of  pernicious  anaemia  must  take  place  in  the  latter 
organ.  Wherever  it  may  occur  the  more  advanced  investigators  agree 
in  regarding  the  disease  as  essentially  a  form  of  toxic  hccmolysis  and 
probably  dependent  upon  intestional  autointoxication.  Certain  clin- 
ical evidence,  such  as  the  cases  of  Sandoz,  Meyer,  and  Jiirgensen, 
ali'eady  referred  to,  and  in  which  pronounced  anaemia  rapidly  subsided 
after  lavage  or  removal  of  toxic  intestinal  contents  in  other  ways, 
points  in  this  direction.  The  discovery  of  excess  of  indican  in  the 
urine  (Miiller,  Senator),  the  occasional  existence  of  peptonuria,  and 
the  discovery  of  cadaverin  and  other  products  of  intestinal  putrefac- 
tion in  the  lu'ine  are  more  striking  indications.  These  facts,  taken  in 
connection  with  the  clinical  and  pathological  discovert'  of  gastro- 
intestinal disease  and  pernicious  anaemia  in  association,  have  led  to  a 
quite  widespread  belief  that  pernicious  anaemia  is  the  result  of  gastro- 
intestinal auto-intoxication. 

The  changes  in  the  bone  marrow,  in  view  of  the  investigations  be- 
fore referred  to,  must  be  looked  upon  as  secondary-  and  unessential. 
They  are  an  evidence  of  the  attempt  at  compensatory  increase  of  the 
lisemogenesis  and  are,  therefore,  conservative  rather  than  pathogenic 
processes. 

Symptoms. 

The  general  picture  of  this  disease  was  well  portrayed  by  Addison 
in  his  essay  on  the  changes  in  the  suprarenal  capsules.  "  For  a  long 
period,"  he  says,  "I  had  from  time  to  time  met  with  a  ver^^  remark- 
able form  of  general  anaemia  occurring  without  any  discoverable 
cause  whatever,  cases  in  which  there  had  been  no  previous  loss  of 
blood,  no  exhausting  diarrhoea,  no  chlorosis,  no  purpura,  no  renal, 
splenic,  miasmatic,  glandular,  strumous,  or  malignant  disease." 
And  further  on :  "  It  makes  its  apx)roach  in  so  slow  and  insidious  a 
manner  that  the  patient  can  hardly  fix  a  date  to  the  earliest  feeling 
of  that  languor  which  is  shortly  to  become  so  extreme.  The  counte- 
nance gets  pale,  the  whites  of  the  eyes  become  pearly,  the  general 
frame  flabby  rather  than  wasted,  the  pulse  perhaps  large  but  remark- 
ably soft  and  compressible,  and  occasionally  with  a  slight  jerk,  es- 
pecially under  the  slightest  excitement.  There  is  an  increasing  indis- 
position to  exertion,  with  an  uncomfortable  feeling  of  faintness  or 
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breatlilessness  on  attempting  it ;  the  heart  is  readily  made  to  palpi- 
tate ;  the  whole  surface  of  the  body  presents  a  blanched,  smooth,  and 
waxy  appearance;  the  lips,  tongue,  and  gums  seem  bloodless,  the 
flabbiness  of  the  solids  increases,  the  api3etite  fails,  extreme  languor 
and  faintness  sujjervene ;  breathlessness  and  paljDitations  are  produced 
by  the  most  trifling  exertion  or  emotion ;  some  slight  oedema  is  prob- 
ably perceived  about  the  ankles ;  the  debilitj'  becomes  extreme,  the 
patient  can  no  longer  rise  from  bed,  the  mind  occasionally  wanders, 
he  falls  into  a  prostrate  and  half-torpid  state,  and  at  length  expires ; 
nevertheless,  to  the  very  last,  and  after  a  sickness  of  several  months' 
duration,  the  bulkiness  of  the  general  frame  and  the  amount  of  obesity 
often  present  a  most  striking  contrast  to  the  failure  and  exhaustion 
observable  in  every  other  respect." 

This  description  of  Addison  of  the  cases  which  he  designated  as 
idiopathic  anaemia  was  most  faithful  and  in  many  particulars  still 
serves  as  an  accurate  outline  of  the  salient  features  of  the  disease. 

The  onset  we  find  as  Addison  describes  it,  slow  and  insidious,  and 
not  rarely  there  is  the  difficulty  he  describes  of  determining  the  date 
of  the  first  manifestations.  In  other  cases,  however,  the  disease 
begins  somewhat  abruptl3^  This  is  notably  the  case  in  some  in- 
stances of  iiernicious  anaemia  occurring  during  pregnancy  or  in  the 
puerperal  state,  and  is  also  noticed  in  certain  cases  of  pernicious 
anaemia  in  which  fright  or  other  determining  causes  have  been  oper- 
ative.    The  onset  cannot,  however,  ever  be  said  to  be  sudden. 

Frequently  the  first  symptom  noticed  is  pallor.  This  may  grow 
progressively  and  without  interruption  or  may  vary  in  intensity  from 
time  to  time.  Quite  commonly  in  the  beginning  there  is  jaundice 
which  ma}-^  be  a  transient  condition,  but  in  advanced  cases  a  subicteric 
hue  of  the  skin  is  extremely  common  and  is  persistent.  Eichhorst 
states  that  jaundice  is  rare ;  in  my  own  experience  it  was  absent  in 
but  two  of  the  fifteen  cases  recently  under  my  observation.  The 
color  of  the  skin  in  these  cases  is  well  described  as  being  lemon  yel- 
low and  the  same  hue  is  observed  in  the  conjunctivae,  while  the 
mucous  membrane  of  the  hard  and  soft  palate  presents  the  character- 
istic color  produced  by  moderate  jaundice.  In  the  cases  in  which 
jaundice  fails  to  occur,  the  skin  of  the  patient  presents  the  waxen 
white  color  described  by  Addison. 

In  the  earlier  stages  of  the  disease  the  perspiration  may  be  normal 
or  even  excessive,  but  in  advanced  cases  it  is  not  unusual  to  find  the 
skin  dry  and  harsh.  Some  cases  are  marked  by  a  tendency  to  flush- 
ing and  to  outbursts  of  perspiration,  which  add  greatly  to  the  dis- 
comfort and  weakness  of  the  patient. 

The  patient  usually  emaciates  very  little  if  at  all,  and  sometimes 
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the  subcutaneous  tissues  increase  in  bulk,  becoming  at  the  same  time 
remarkably  soft  and  flabb}-.  Occasionally,  however,  emaciation  is 
noted,  and,  as  in  the  case  of  Henry  and  Osier,  may  progress  rapidly 
and  become  extreme.  The  usual  appearance,  however,  is  quite  pecu- 
liar, and  sonietinies  characteristic.  The  face  is  round  and  fleshy, 
the  limbs  and  bod^'  of  the  normal  size  and  often  conspicuously 
rounded.  The  folds  about  the  neck,  abdomen,  and  flexures  of  the 
joints  ma}''  be  ample ;  but  when  the  hand  is  placed  upon  any  part 
there  is  the  most  striking  sense  of  flabbiness  and  instability. 

Not  rarely  ecchymoses  are  seen,  especially  in  the  lower  extremi- 
ties. Usually  these  are  small  in  size,  but  occasionally  they  may  pre- 
sent themselves  as  suffusions  of  considerable  dimensions.  Similar 
patechise  may  occur  upon  the  visible  mucous  surfaces,  but  are  very 
unusual. 

Coincident  with  the  increasing  pallor  the  strength  of  the  patient 
suffers  progressive  decrease  until  at  last  he  is  unable  to  walk  or 
stand.  On  the  other  hand,  occasional  cases  are  observed  in  which, 
despite  enormous  reduction  in  the  number  of  corpuscles  and  in  the 
amount  of  haemoglobin,  the  patient  is  able  to  walk  or  undergo  con- 
siderable hardships.  Usually,  however,  the  disease  is  character- 
ized by  excessive  weakness  attended  with  and  accentuated  by  a  most 
extreme  degree  of  languor.  This  continues  progressively  and  in- 
creases until  death  in  fatal  cases,  or  slowly  subsides  in  cases  in- 
which  a  favorable  outcome  ensues. 

Temperature. — The  temperature  in  pernicious  anaemia  may  for  a 
long  time  be  unaffected  and  there  may  even  be  a  slightly  subnormal 
curve.  As  a  rule,  however,  fever  is  an  early  symptom,  occurring  in 
the  form  of  a  mild  continuous  febrile  movement,  with  marked  irregu- 
larities ;  or  there  may  be  onl}^  occasional  elevations  from  time  to  time. 
The  degree  of  the  fever  rarely  exceeds  101°  or  102°  F.,  but  in  occa- 
sional instances  an  elevation  to  103°  to  104°  has  been  witnessed  and 
may  exceptionallj^  persist  for  quite  a  length  of  time.  Subsidence  of 
the  temperature  to  a  subnormal  point  is  not  unusual  before  death, 
and  in  a  case  published  by  Miiller  it  fell  as  low  as  24.8°  C.  (76.6°  F.). 

The  CirculoAory  System. — In  many  cases  cardiovascular  disturb- 
ances occur  in  the  eoxlj  part  of  the  disease  and  grow  in  intensity 
until  the  end.  The  circulatory  symptoms  may  thus  dominate  the 
clinieal  picture  of  the  disease.  In  most  cases,  however,  these  symp- 
toms are  only  of  moderate  severity,  resembling  the  manifestations 
on  the  part  of  the  circulatory  system  seen  in  other  anaemias,  but 
being  somewhat  more  intense.  Palpitation  of  the  heart  is  usualh' 
complained  of  from  the  earliest  periods  of  the  disease  and  is  particu- 
larly marked  when  the  patient  makes  unusual  exertions  or  suffers 
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emotional  disturbances.  In  other  cases  tliere  is  a  tendency  to  syn- 
copal attacks  and  the  patient  may  faint  on  the  least  excitement.  Pain 
or  distress  at  the  heart  is  unusual,  but  in  very  many  cases  there  is  a 
feeling  of  heaviness  or  sinking  almost  amounting  to  pain  and  causing 
not  a  little  mental  distress. 

Physical  examination  of  the  heart  usually  discovers  some  enlarge- 
ment of  the  organ,  this  being  due,  especially  in  the  later  stages  of  the 
disease,  to  dilatation  of  the  chambers  of  the  heart  and  retraction  of 
the  edge  of  the  lungs.  The  apex  beat  may  be  felt  as  far  outwards  as 
the  nipple  line  or  even  beyond  that  point  as  a  feeble,  fluttering,  and 
ofttimes  irregular  impulse.  Synchronous  pulsation  in  the  vessels  of 
the  neck  is  very  rarely  absent  in  marked  cases.  On  auscultation  over 
the  heart  there  is  usually  a  more  or  less  decided  systolic  murmur 
at  the  base  and  in  the  pulmonic  area,  and  this  may  extend  over  the 
entire  prsecordia  and  upwards  into  the  arteries  of  the  neck.  The  mur- 
mur is  not  heard  with  the  same  regularitj^  as  in  chlorosis,  and  rarely 
attains  the  loudness  and  superficial  character  common  to  that  disease. 
"Well-marked  murmurs  of  valvular  incompetency  may  develop  with 
the  increasing  dilatation  of  the  heart  in  the  later  stages.  Systolic 
murmurs  are  frequently  heard  in  the  carotid  arteries  while  a  continu- 
ous venous  hum  is  discovered  in  the  cervical  veins  as  in  chlorosis. 
The  pulse  is  remarkably  quick  and  soft  and  not  rarely  has  the  char- 
acters of  the  collapsing  pulse  of  aortic  regurgitation.  In  cases  in 
which  the  cardiac  power  is  comparatively  well  preserved  the  capillary 
pulse  of  Quincke  may  be  detected.  In  such  cases  vascular  throbbing 
and  a  tendency  to  flushing  of  the  face  and  other  peripheral  parts  are 
not  unusual. 

Respiratory  Symptoms. — Dyspnoea  is  the  most  frequent  symptom 
on  the  part  of  the  respiratory  apparatus.  In  the  earlier  stages  it  may 
be  noticeable  only  when  the  patient  makes  exertions  or  is  excited,  but 
in  the  final  period  of  the  disease  it  becomes  a  constant  and  most  dis- 
tressing symptom.  Sighing,  irregular,  or  labored  respirations  are 
observed  from  time  to  time,  and  in  the  most  advanced  stages  a  form 
of  loud  stertorous  breathing  (ansemic  dyspnoea)  is  often  observed. 
Physical  examination  detects  no  abnormalities  in  the  lungs  under  or- 
dinary conditions,  but  not  rarely  in  advanced  cases  oedema  of  the  lung 
develops,  and  in  addition  to  increase  of  dyspnoea  and  cough  with  a 
certain  amount  of  mucous  expectoration,  physical  examination  may 
discover  dulness  and  moist  rales  at  the  base.  Sometimes  these  con- 
ditions are  very  marked  and  may  overshadow  the  other  symptoms  of 
the  disease.  Hydrothorax  may  be  a  complication  in  some  cases  and 
may  add  greatly  to  the  ordinary  dyspnoea.  A  still  more  serious  com- 
plication is  pneumonia,  which  is  occasionally  observed. 
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Gastrointestinal  Symptoms. — The  mucous  membrane  of  the  mouth 
is  pale  and  the  hard  and  soft  palate  may  show  distinct  icteric  dis- 
coloration. The  tongue  is  usually  pale  aud  lightly  furred,  the  cover- 
ing being  light-colored  or  brownish.  In  other  cases  the  surface  is 
entirely  smooth  aud  red  in  color.  Hemorrhages  may  occur  from 
the  gums  and  small  ulcers  may  form  in  various  parts  of  the  mouth. 
The  latter  symptoms  seem  on  the  whole  more  common  in  puerjjeral 
cases  than  in  ordinary  pernicious  anaemia.  The  appetite  is  generallj^ 
lost  or  at  least  seriously  impaired,  and  not  rarely  the  patient  is  only 
with  difficulty  induced  to  take  sufficient  food  to  maintain  life. 

^Gastric  digestion  is  almost  always  delayed  and  more  or  less  dis- 
turbed. The  patients  complain  of  heaviness  or  a  feeling  of  pressure 
or  sometimes  of  actual  i^ain  in  the  epigastrium,  these  symptoms  being 
more  marked  after  the  taking  of  food.  Fermentation  -v^-ith  eructation 
of  gas  or  sour  liquid  and  with  flatulent  distention  of  the  epigastric 
region  are  common  and  distressing.  Sometimes  vomiting  is  a  pro- 
nounced symptom  and  in  nearh'  every  case  it  occurs  at  some  period 
of  the  disease.  In  the  milder  forms  the  contents  of  the  stomach  are 
ejected  at  long  intervals ;  in  the  most  serious  every  attempt  to  swallow 
food  or  drink  is  followed  by  vigorous  and  painful  emesis.  In  one 
of  my  cases  there  was  a  small  amount  of  blood  of  altered  dark-brown- 
ish character  in  the  vomited  matters  on  several  occasions  and  the 
suspicion  of  cancer  of  the  stomach  was  therefore  entei-tained.  Actual 
hsematemesis  may  occur  but  is  extremely  rare.  Examination  of  the 
stomach  contents  usually  shows  a  diminution  in  the  amount  of  hy- 
drochloric acid  or  a  complete  absence  of  free  acid.  This  was  first 
pointed  out  by  Cahn  and  von  Mering,  but  it  has  since  been  con- 
firmed by  numerous  observers.  It  is  especially  significant  and  pro- 
nounced in  the  cases  in  which  gastric  atrophy  or  interstitial  gastritis 
is  associated  with  the  ansemic  condition.  The  motor  activity  of  the 
stomach  is  not  rarely  deficient,  as  is  evidenced  by  the  abnormal 
retention  of  food.  Physical  examination  may  detect  a  certain  amount 
of  enlargement  of  the  stomach,  and  in  cases  of  interstitial  gastritis  or 
of  gastric  carcinoma  it  may  be  possible  to  discover  induration  or  an 
actual  new  growth  in  the  epigastrium. 

The  condition  of  the  bowels  is  variable.  Sometimes  there  is  con- 
tinuous and  extreme  constipation,  but  in  the  majority  of  cases  there 
is  a  tendency  from  time  to  time  to  attacks  of  diarrhoea,  the  most 
usual  condition  being  alternating  diarrhoea  and  constipation.  Fer- 
mentation and  flatulent  distention  of  the  intestines  may  be  quite 
marked.  In  some  cases  disease  of  the  colon  causing  a  form  of  mu- 
cous diarrhoea  has  been  noted. 

The  urine  is  generally  fairly  abundant,  though  it  is  subject  to 
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great  diminution  when  vomiting  or  diarrlioea  is  present.  Tlie 
specific  gravity  is  diminished  and  the  color  is  variable.  Hunter 
called  attention  to  the  fact  that  excess  of  coloring  matter  may  occur 
in  the  urine  of  pernicious  anaemia,  and  urged  this  as  one  of  the  evi- 
dences of  increased  haemolysis.  Such  an  excess,  of  coloring  matter, 
however,  is  present  only  in  a  proportion  of  cases.  The  amount  of 
indican  has  been  found  increased  by  Senator  and  others.  Urea  is 
usually  increased,  though  it  has  been  found  decreased  hy  some  ob- 
servers; the  quantity  of  uric  acid  is  quite  generally  acknowledged 
to  be  excessive.  The  saline  constituents  of  the  urine  are  usually 
diminished.  Albuminuria  is  observed  in  certain  cases  and  peptone 
(albumoses)  has  been  found  by  Laache  and  others.  It  is  sometimes 
striking  that  despite  high-grade  degeneration  of  the  kidneys  but  little 
albumin  occurs  in  the  urine.  Lactic  acid,  leucin,  and  tyrosin  have 
been  seen  in  some  cases.  Blood  corpuscles  may  be  found  in  some 
instances  and  actual  haematuria  has  been  observed. 

■  The  Nervous  Sympfoms.SuhiectiYe  nervous  symptoms  are  not 
rarely  met  with  in  the  earlier  paii;  or  throughout  the  disease.  Among 
these  a  feeling  of  depression  or  constant  fear,  a  sense  of  constriction 
and  a  tendency  to  sighing  respirations  and  sleeplessness  are  notable 
instances,  and  are  partially  explained  by  the  disturbance  of  the  cir- 
culation and  partly  hj  the  condition  of  the  blood  itself.  Ringing  in 
the  ears  or  buzzing  sounds  and  a  tendency  to  vertigo  or  to  syncope 
are  frequently  complained  of.  Coldness  of  the  feet  or  hands,  dryness 
of  the  extremities,  or  tingling  and  burning  are  dependent  upon  inade- 
quacy of  the  peripheral  circulation.  Tremulousness  is  occasionally 
seen  and  is  more  or  less  commensurate  with  the  amount  of  general 
weakness. 

More  serious  nervous  symptoms  may  occur.  In  many  cases 
weakness  of  memory  and  slowness  of  intellection  are  noted,  and  a 
hesitancy  of  speech  probably  dependent  upon  intellectual  slowness  is 
sometimes  striking.  As  a  rule  the  patient  remains  entirely  uncon- 
scious until  near  the  end  of  the  disease,  but  occasionally  delirium  or 
maniacal  conditions  have  been  seen  in  the  earlier  parts  of  the  affec- 
tion. While  active  delirium  or  mania  is  quite  common  just  before 
death,  on  the  other  hand  a  stuporous  condition  or  actual  coma  may 
precede  the  fatal  i^sue  by  a  considerable  time.  Epileptiform  con- 
vulsions and  hemiplegic  seizures  or  local  palsies  may  occur,  the 
latter  being  due  to  cerebral  hemorrhages. 

Spinal  symptoms  are  not  unusual  but  rarely  become  pronounced. 
There  may  be  a  little  tottering  in  the  gait  or  marked  ataxia  may 
develop.  Loss  of  knee-jerks  is  common  and  moderate  disturbance  of 
sensation   (partial  anaesthesia,  delayed  dermal  sensation,   mild  par- 
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aestliesia)  may  occur  Id  the  peripheral  parts.  Bowman  has  described 
a  case  in  which  the  symptoms  of  spastic  paraplegia  were  observed,  and 
Burr  has  seen  a  similar  though  somewhat  questionable  instance. 
Bowman  reported  another  instance  in  which  the  symptoms  were  of 
the  type  of  disseminated  sclerosis. 

Ocular  Symptoms. — The  retinal  hemorrhages  alluded  to  in  the 
discussion  of  the  morbid  anatomy  may  occur  without  accomi^anying 
symptoms,  or  in  other  cases  may  give  rise  to  considerable  disturbance 
of  vision.  Almost  complete  blindness  has  been  thus  occasioned. 
Ophthalmoscopic  examination  discovers  the  hemorrhages  more  or 
less  numerous  in  the  region  surrounding  the  optic  disc.  As  many 
as  one  hundred  and  twenty  have  been  observed  in  a  single  quadrant. 
They  var}-  in  size  from  mere  points  to  large  areas  of  suffusion  and 
they  vary  in  col6r  from  a  bright  red  to  a  yellowish  red  as  they  in- 
crease in  age.     A  yellowish  or  whitish  centre  is  often  noted. 

Functional  disturbances  of  the  other  special  senses  have  been  re- 
ported. Thus  sudden  deafness  and  loss  of  taste  or  smell  or  all 
these  combined  have  been  observed. 

Course. 

The  duration  of  pernicious  anaemia  is  extremely  variable.  Cases 
have  been  observed  in  which  the  time  that  had  elapsed  from  the  first 
notable  sj'mptoms  until  death  was  only  a  few  weeks.  On  the  other 
hand,  cases  running  over  a  period  of  several  or  many  years  are  not 
unusual.  The  course  of  the  disease  when  left  to  itself  is  generally, 
as  indicated  by  its  name,  progressive  and  pernicious,  the  deterioration 
of  the  blood  increasing  regularly  until  the  fatal  issue.  Sometimes, 
however,  there  is  a  tendency  to  spontaneous  improvement  from  time 
to  time  with  subsequent  relapses  until  the  malady  proves  fatal. 
Mackenzie  has  particularly  called  attention  to  the  latter  form,  and 
has  spoken  of  such  cases  as  instances  of  relapsing  pernicious  anaemia. 
Two  instances  of  this  kind  have  come  under  my  notice,  and  in  one 
there  has  been  a  regular  relapse  each  spring,  with  improvement  dur- 
ing the  summer  and  autumn,  for  several  3'ears. 

In  cases  in  which  the  cause  of  the  disease  is  removable,  as  in 
those  due  to  ankylostoma  or  bothriocephalus,  in  puerperal  cases, 
and  in  some  forms  of  intestinal  pernicious  anaemia,  the  termination  of 
the  disease  may  be  quite  abrupt.  ITsually  when  treatment  is  bene- 
ficial the  improvement  is  gradual  and  is  often  interrupted  by  tempo- 
rary relapses.  Intercurrent  affections  may  cause  a  rapid  deteriora- 
tion, but  on  the  other  hand  are  sometimes  overcome  with  surprising 
ease. 
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Complications  and  Sequels. 

Most  of  tlie  complications  of  the  disease  have  already  been  noted 
in  the  discussion  of  the  sj'mptoms.  Those  which  are  likely  to  prove 
serious  are  excessive  cardiac  weakness  from  fatty  degeneration  and 
dilatation,  oedema  of  the  lungs,  pneumonia,  hemorrhages,  excessive 
diarrhoea  of  dysenteric  character,  and  nervous  complications.  Eich- 
horst  and  Klebs  have  seen  carcinoma  of  the  stomach  develop  during 
the  course  of  pernicious  ansemia  in  several  cases.  Sarcoma  and 
lymphadenoma  have  also  been  described  as  occui'ring  intercurrently. 
Reference  has  already  been  made  to  cases  in  which  it  was  believed 
that  a  transition  of  pernicious  aneemia  into  leukaemia  had  taken  place. 
Litten  described  such  a  case  in  1877,  the  ratio  of  white  to  red  cor- 
puscles being  one  to  fifteen;  and  Musser  reported  one  in  which  the 
ratio  was  one  to  four.  It  is  probable  that  most  of  such  cases,  if  not 
all,  are  instances  of  terminal  leucocytosis.  Little  can  be  said  of 
sequelae,  since  the  great  majority  of  cases  prove  fatal.  In  cases  of 
definite  recovery  it  is  likely,  however,  that  degeneration  of  the  ner- 
vous system  and  cardiac  or  gastric  lesions  may  persist. 

Diagnosis. 

The  diagnosis  of  pernicious  ansemia  may  sometimes  be  made  by 
the  general  appearance  of  the  patient,  but  finally  rests  upon  the  ex- 
amination of  the  blood.  The  peculiar  flabby  condition  of  the  subcu- 
taneous tissues  and  the  rotundity  of  the  form,  nowithstanding  the 
extreme  weakness  of  the  patient,  are  always  suggestive  though  not 
entirely  diagnostic  features.  When,  however,  such  appearances  are 
met  with  in  a  patient  in  whom  causes  of  secondary  auEemia  are  want- 
ing, the  diagnosis  becomes  quite  certain.  The  occurrence  of  slight 
elevations  of  temperature  from  time  to  time  or  of  a  continuous 
moderate  febrile  movement  adds  to  the  clinical  picture  a  further  ele- 
ment of  suggestiveness. 

The  condition  of  the  blood,  however,  furnishes  the  reliable  means 
of  diagnosis.  The  following  points  are  of  special  value:  The  severe 
grade  of  oligocythsemia,  the  relative  increase  of  haemoglobin,  the  oc- 
currence of  highly  irregular  corpuscles  and  of  nucleated  erythrocytes. 
The  oligocythaemia  of  pernicious  anaemia  is  extreme.  In  no  other 
disease  does  the  number  of  red  corpuscles  habitually  fall  to  anything 
near  the  figure  reached  in  pernicious  anaemia.  Cases  have  been  re- 
corded of  hemorrhage  and  also  of  severe  internal  diseases  in  which 
the  blood  count  showed  1,000,000  or  even  500,000  corpuscles,  but 
such  cases  are  excessively  rare,  and  I  have  never  met  with  one  in 
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which  the  number  of  corpuscles  was  below  1,000,000.  In  all  cases  in 
which  the  number  of  coriDuscles  falls  below  1,500,000  the  suspicion  of 
pernicious  auoemia  may  properly  be  entertained.  The  relative  excess 
of  hasmoglobin,  the  excessive  valeur  glohidaire  of  Hayem  and  Laache, 
combined  with  marked  oligocythsemia  is  practically  diagnostic,  but 
unfortunately  such  relative  excess  of  haemoglobin  is  not  invariable. 
A  number  of  observers  have  recorded  instances  of  undoubted  per- 
nicious ansemia  in  which  the  amount  of  haemoglobin  was  more 
reduced  than  the  number  of  the  corpuscles ;  but  it  is  to  be  noted  in 
these  cases  that  the  reduction  of  haemoglobin  is  never  much  in  excess 
of  that  of  the  corpuscles,  while  in  cases  of  extreme  secondary  anaemia 
of  any  kind  a  marked  disproportion  is  commonly  observed,  and  in 
chlorosis  the  disproportion  is  extreme.  The  blood  in  ten  cases  I 
have  recently  studied  gave  the  following  figures : 

Erythrocytes.  Haemoglobin. 

Case        1 900,000  (18     per  cent. )  25  per  cent. 

II 600,000(12  "  )  15 

III 1,250,000(25  '^  )  30 

IV 1,200,000(24  "  )  25 

V 2,000,000(40  "  )  30 

VI 1,400,000(28  "  )  40 

VII 1,150,000(23  "  )  40 

"      VIII 1,140,000  (22.8  "  )  25 

IX 800,000(16  "  )  35 

X 900,000  (18  "  )  20 

Regarding  the  irregular  forms  of  red  corpuscle,  and  the  variability 
in  size  it  may  be  said  that  less  stress  can  be  laid  upon  these  points 
than  formerly.  Poikilocytosis,  sometimes  of  marked  degree,  is  ob- 
served in  extreme  anaemias  of  all  kinds,  as  are  also  microcytes  and 
macrocytes.  But  when  these  changes  are  all  present  in  the  same 
case  and  are  marked,  the  diagnosis  of  pernicious  anaemia  may  be 
justified.  Nucleated  red  corpuscless  are  frequently  observed  after 
hemorrhage  and  in  severe  anaemias  of  other  kinds,  particularly  in 
young  persons.  In  no  disease,  however,  excepting  possibly  leu- 
kaemia, do  they  occur  with  the  same  regularity  and  frequency  as  in 
pernicious  anaemia.  The  large  megaloblasts  are  particularly  signifi- 
cant, and  when  their  number  predominates  over  that  of  the  small 
microcytes  the  diagnosis  of  pernicious  anaemia  is  still  more  certain. 
The  irregular  and  abnormal  manner  of  staining  exhibited  by  some 
corpuscles  is  of  no  diagnostic  value. 

Formerly  much  stress  was  laid  upon  the  occurrence  of  retinal 
hemorrhages,  but  this  has  cei^tainly  been  exaggerated.  Eetinal 
hemorrhages  occnr  in  a  gi-eat  variety  of  chronic  anaemias  of  secon- 
dary type  and  are  therefore  by  no  means  distinctive.     Their  occur- 
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rence,  however,  in  a  long-continuecl  ansemia  without  adequate  cause 
■^oulcl  be  somewhat  significant.  Finally,  the  diagnosis  may  rest 
somewhat  upon  the  progress  of  the  case,  and  the  recognition  of  per- 
nicious anaemia  may  depend,  as  did  the  discovery  of  the  disease,  upon 
the  progressive  pernicious  character  of  the  affection  and  the  useless- 
ness  of  ti'eatment. 

The  prominence  of  certain  symptoms  in  pernicious  aneemia,  such 
as  the  cardiac,  the  nervous,  or  the  gastric  manifestations,  may  for  a 
time  prove  misleading  and  the  underlying  cause,  the  ansemia,  may  be 
unrecognized.  A  careful  attention  to  the  general  condition  of  the 
patient  and  the  blood  examination  will  readily  eliminate  this  source 
of  error. 

Differential  Diagnosis. — Pernicious  anaemia  must  be  distinguished 
from  severe  secondary  anaemias,  especially  from  gastric  cancer,  and 
from  chlorosis.  In  the  second  x^lace  it  is  necessary  to  distinguish  the 
underlying  causes  when  the  existence  of  the  disease  has  been  deter- 
mined. 

The  anaemia  following  hemorrhage  is  often  intense  and  the  face  of 
the  patient  may  present  a  deathly  pallor.  Earely,  however,  is  there 
the  lemon-yellow  color  so  frequently  seen  in  pernicious  anaemia. 
The  marked  gastric  symptoms  are  absent,  as  are  usually  also  the  eleva- 
tions of  temperature,  though  the  latter  have  sometimes  been  observed. 
The  history  of  the  case  generally. leaves  little  doubt,  pernicious  anae- 
mia rarely  coming  on  abruptly.  In  any  case,  however,  whether  the 
anaemia  had  an  acute  onset  after  a  large  hemorrhage  or  a  gradual 
development  after  repeated  small  hemorrhages,  as  from  ulcer  of  the 
stomach,  uterine  or  rectal  hemorrhages,  the  character  of  the  blood 
is  sufficiently  dissimilar  to  make  a  differential  diagnosis.  In  acute 
post-hemorrhagic  anaemia  the  blood  rarely  shows  less  than  2,000,000 
corpuscles  and  the  haemoglobin  is  rarely  below  forty  per  cent.,  death 
resulting  when  greater  loss  of  blood  has  been  sustained.  In  cases 
of  repeated  bleeding  the  blood  count  may  be  lower,  but  the  haemo- 
globin in  these  cases  is  nearly  always  disproportionately  diminished. 
Blood  counts  below  1,000,000  are  exceedingly  rare  after  hemorrhage 
and  very  common  in  pernicious  anaemia.  Usually  the  corpuscles  are 
regular  in  shape  in  hemorrhagic  anaemia,  though  their  size  may  vary- 
considerably,  and  though  nucleated  corpuscles  are  observed  the  mi- 
croblasts .  and  normoblasts  predominate  over  the  megaloblasts.  Leu- 
cocytosis  is  more  frequent  in  the  earlier  periods  in  hemorrhagic  an- 
aemia, while  in  pernicious  anaemia  it  is  usually  a  terminal  symptom. 

Gastric  cancer  may  present  in  its  general  physiognomy  a  marked 
resemblance  to  pernicious  anaemia,  and  in  cases  in  which  the  tumor 
is  of  such  size  or  location  that  it  cannot  readilv  be  felt  or  discovered 
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by  diagnostic  means  tiie  diagnosis  may  remain  in  doubt.  The 
similarity  of  the  symptoms  is  dependent  upon  the  XJi'omiuence  of 
the  gastric  manifestations  in  either  disease  and  the  long-continued 
anyemia.  Little  is  learned  by  the  direct  examination  of  the  stomach 
or  of  its  processes,  though  the  discovery  of  marked  motor  insuffi- 
ciency with  the  development  of  lactic  acid  and  other  products  of  fer- 
mentation, the  determination  of  enlargement  of  the  stomach,  and  the 
i:)ersistent  unvarying  absence  of  hydrochloric  acid  might  furnish  some 
ground  for  the  diagnosis  of  carcinoma.  Further,  a  tumor  in  the 
anterior  wall  of  the  stomach  might  be  recognized  by  the  gastro- 
diaj)hanoscope,  though  such  a  situation  would  usually  permit  of  dis- 
covery b}'  palpation  or  inflation  of  the  organ.  The  more  important 
method  of  diagnosis  in  these  cases  is  the  examination  of  the  blood. 
The  characteristic  condition  of  the  blood  in  carcinoma  of  the  stomach 
is  one  which  resembles  chlorosis  more  than  pernicious  anaemia.  In 
some  of  the  most  marked  cases  of  anaemia  associated  with  gastric 
carcinoma  that  have  come  under  my  notice  the  examination  of  the 
blood  on  an  average  showed  between  2,000,000  and  3,000,000.  cor- 
puscles and  between  thirty  and  thirty-five  per  cent,  of  haemoglobin. 
Such  a  condition  of  the  blood  would  usually  exclude  pernicious 
anaemia,  and  moreover  these  counts  are  most  unusual  in  carcinoma. 
In  the  majority  of  the  cases  even  with  decided  appearances  of  anae- 
mia the  red  corpuscles  number  above  3,000,000.  The  corpuscles 
rarely  present  the  markedly  irregular  characters  seen  in  pernicious 
anaemia,  though  one  or  the  other  of  the  peculiarities  noted  in  that 
disease  may  be  present.  The  occurrence  of  notable  quantities  of 
sugar  in  the  blood  of  carcinoma  may  prove  important  but  needs  further 
confirmation.  Finally  it  must  be  remembered  that  carcinoma  of  the 
stomach  may  actually  give  rise  to  the  clinical  manifestations  of  per- 
nicious anaemia.  This  was  extremely  well  marked  in  a  case  recently 
under  my  own  observation,  and  has  been  noted  by  others. 

Other  forms  of  secondary  anaemia  may  resemble  pernicious 
anaemia,  and  I  have  in  particular  seen  the  diagnosis  in  doubt  in 
certain  cases  of  obscure  cardiac  disease,  cirrhosis  of  the  liver,  and 
interstitial  nephritis.  Usually,  however,  the  condition  of  the  blood 
readily  determines  the  diagnosis  and  careful  examination  determines 
the  clinical  nature  of  the  disease. 

Chlorosis  and  pernicious  anaemia  are  usually  distinguished  with 
ease.  There  are,  however,  some  instances  of  inveterate  chlorosis 
which  eventualh'  resemble  pernicious  anaemia  very  closely.  This 
difficulty  is  most  marked  in  cases  of  chlorosis  iarda,  or  chlorosis  in 
later  life.  Ordinarily  the  great  reduction  in  the  haemoglobin  with 
relatively  moderate  oligocythaemia  and  the  absence  of  marked  aber- 
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ration  in  tlie  form  and  characters  of  the  red  corpuscles  render  the 
diagnosis  comparatively  easy.  It  must  be  remembered,  however, 
that  considerable  degrees  of  oligocytheemia  may  occur  in  chlorosis. 
I  have  myself  found  the  number  of  erythrocytes  as  low  as  1,500,000, 
but  in  this  case  there  was  but  fifteen  per  cent,  of  haemoglobin. 

The  determination  of  the  underlying  cause  of  jjernicious  anaemia 
is  sometimes  easy  and  sometimes  impossible.  The  gastric  origin  of 
certain  cases  may  be  plainly  indicated  by  the  historj'  and  by  the 
symptoms.  Thus  in  one  case,  which  came  under  my  own  observation 
towards  the  end  of  the  disease,  there  was  a  history  of  fifteen  years' 
treatment  for  gastric  disturbance  with  growing  anaemia,  and  finally 
marked  accentuation  of  the  gastric  troubles  with  coincident  increase 
of  the  anaemia  until  it  assumed  the  characteristics  of  pernicious 
anaemia.  At  the  same  time  the  examination  of  the  gastric  secretions 
had  given  evidence  of  the  entire  failure  of  glandular  activity.  In 
another  group  of  cases,  such  as  that  reported  by  Sandoz,  distinct 
evidences  of  putrefactive  fermentation  in  the  stomach  or  intestinal 
tract  permit  the  suspicion  of  a  gastrointestinal  origin  of  the  disease, 
and  treatment  may  confirm  such  suspicion. 

The  parasitic  form  of  pernicious  anaemia  may  be  suspected  from 
the  occupation  (mining,  brickmaking,  etc.)  of  the  patient,  but  is  es- 
tablished by  examination  of  the  stools.  Microscopic  examination 
may  show  the  eggs  of  bothriocephalus  or  ankylostoma  or  segments 
of  the  former  may  be  discharged.  It  is  said  that  retinal  hemorrhages 
and  irregularity  of  the  corpuscles  both  in  their  shape  and  in  the  oc- 
currence of  nuclei  is  more  common  in  the  idiopathic  forms  than  in 
the  cases  of  parasitic  anaemia. 

The  determination  of  lactation  or  pregnancy  as  a  cause  of  per- 
nicious anaemia  must  of  course  rest  upon  the  history  of  the  case. 

Prognosis. 

The  prognosis  of  pernicious  anaemia  is  always  extremely  grave, 
though  it  is  not  invariably  hopeless.  The  duration  of  the  disease,  as 
has  been  already  remarked,  varies  from  a  few  weeks  to  many  years, 
spontaneous  recovery  occurring  in  some  instances,  and  in  other  cases 
repeated  recoveries  with  relapses  rendering  the  disease  quite  chronic 
in  its  course.  Since  the  introduction  of  the  arsenic  treatment  a 
number  of  cases  of  definite  cure  has  been  recorded,  one  of  Hale 
White  remaining  in  good  health  eleven  years  after  his  recovery  under 
the  use  of  arsenic.  In  most  cases,  however,  the  apparent  recovery  is 
really  an  incomplete  one,  and  subsequent  relapses  lead  to  a  final  fatal 
termination.     Complete  recovery,  however,  is  not  rarely  observed  in 
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puerperal  cases  and  in  parasitic  anaemias  in  which  the  cause  is  deti- 
niteh^  removable. 

Treatment. 

The  ti'eatment  of  pernicious  anaemia  may  be  considered  under 
three  heads:  First,  the  "specific"  treatment;  second,  the  treatment 
directed  to  alter  the  general  conditions  of  the  circulation ;  and  third, 
treatment  of  the  intestinal  conditions  or  of  underlying  affections 
which  influence  unfavorablj-  the  progress  of  the  case  or  perhaps  act 
as  the  immediate  causes  of  the  disease. 

The  "specific"  treatment  of  pernicious  anaemia  consists  in  the  use 
of  three  remedies — iron,  arsenic,  and  bone  marrow — and  I  shall  con- 
sider them  in  this  order,  as  it  is  the  order  in  which  they  have  been 
brought  before  the  notice  of  the  profession.  The  value  of  iron  in 
anaemia  is  unquestioned.  It  is  particularly-  valuable  in  cases  of 
chlorosis  and  in  the  ordinary  anaemia  of  debility.  Its  use  has  been 
advocated  in  pernicious  anaemia,  and  in  certain  cases  good  results 
have  been  obtained.  In  most  cases,  however,  iron  is  of  little  value, 
and  I  am  positive  that  I  have  seen  it  contribute  to  the  patient's  dis- 
comfort and  unfavorably  influence  the  progress  of  the  disease,  when 
it  was  administered  during  the  active  stage  of  pernicious  anaemia. 
In  convalescence  it  is  a  valuable  remedy ;  and,  though  the  view  ex- 
pressed by  some,  that  iron  is  practically  a  necessity  at  this  stage,  is 
probably  too  radical,  there  is  no  doubt  that  the  combination  of  iron 
with  arsenic  or  other  treatment  is  most  desirable  during  convales- 
cence in  this  disease.  It  may  be  administered  in  the  form  of  Blaud's 
pill,  or  as  an  albuminate  of  iron,  or  in  the  form  of  one  of  the  jjhysi- 
ological  preparations.  The  latter,  I  believe,  have  no  special  advan- 
tage over  some  of  the  inorganic  preparations,  excepting  that  they 
may  be  more  acceptable  to  the  stomach  and  not  so  constipating. 

Arsenic  was  introduced  by  Isnard  in  1865,  but  was  more  particu- 
larly commended  by  Byrom  Bramwell  in  1877,  to  whom  the  credit  of 
its  inti'oduction  is  due.  There  is  no  doubt  that  in  many  cases  of 
pernicious  anaemia  this  remedy  is  little  short  of  a  specific.  I  am 
inclined  to  believe  that  it  acts  in  some  way  to  prevent  blood  destruc- 
tion and  possibly  at  the  same  time  to  regulate  the  function  of  the 
bone  marrow  and  other  blood-making  organs.  This,  however,  is 
largely  speculation,  and  perhaps  after  all  unimportant.  The  clinical 
fact  remains  that  this  remedy  influences  favorably  the  course  of  the 
disease. 

The  administration  of  arsenic  in  this  disease  is  a  matter  of  con- 
siderable importance.  In  all  cases  it  should  go  hand-in-hand  with 
repeated  examinations  of  the  blood,  and  should  be  regulated  by  the 
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response  or  tolerance  of  the  patient.  Sometimes  improvement  is  at 
once  apparent,  and  only  moderate  doses  are  required;  in  other  cases 
excessive  doses,  even  to  the  production  of  toxic  symptoms,  may  fail 
to  influence  the  course  of  the  disease.  Ordinarily  Fowler's  solution, 
administered  by  the  mouth  in  doses  of  from  five  to  twenty  drops 
three  times  daily,  proves  sufficient.  If  the  dose  has  been  increased 
to  twenty  drops  without  noticeable  change  in  the  condition  of  the 
blood,  great  care  should  be  exercised  in  the  further  increase  of  the 
dose.  In  particular  it  is  to  be  remembered  that  gastrointestinal  dis- 
turbances may  be  provoked  and  may  cause  rapid  loss  of  ground. 
When  this  is  feared,  it  is  well  to  administer  the  remedy  hypodermi- 
cally.  Five  or  ten  minims  of  Fowler's  solution,  diluted  with  an 
equal  quantity  of  water,  may  readily  be  administered  in  this  way, 
and  I  have  never  found  it  specially  irritating.  Gastrointestinal  irri- 
tation may  occur  as  in  cases  in  which  the  remedy  is  given  by  the 
mouth;  but  this  accident  is  less  likely  to  occur.  The  results  are 
sometimes  quite  striking,  in  contrast  with  the  effects  of  the  adminis- 
tration of  like  amounts  by  the  mouth. 

Bone  marrow  was  introduced  as  a  remedy  in  the  treatment  of 
pernicious  anaemia  by  Fraser,  of  Edinburgh,  in  1894,  and  has  since 
been  used  by  a  number  of  clinicians,  who  have  reported  variable 
results.  The  use  of  bone  marrow  can  scarcely  be  said  to  rest  upon  a 
scientific  basis,  and  some  have  objected  to  it  upon  the  ground  that 
the  bone  marrow  is  in  no  wise  an  organic  secreting  tissue,  and  that  in 
consequence  little  good  may  be  expected  from  its  administration.  It 
has  been  held  that  as  the  formation  of  the  blood  with  which  the  bone 
marrow  is  concerned  is  a  process  of  cell-multiplication  rather  than  a 
secretion,  the  administration  of  extracts  could  scarcely  be  expected  to 
give  results.  On  the  other  hand,  it  may  be  said  that  our  knowledge 
regarding  the  function  of  the  bone  marrow,  and  particularly  its  rela- 
tions to  the  fluid  elements  of  the  blood  and  to  the  general  metabolism, 
is  so  meagre  that  we  are  not  permitted  dogmatically  to  assert  that  it 
is  void  of  action  of  a  chemical  sort,  and  the  disproof  or  proof  of  the 
value  of  this  remedy  must  therefore  rest  for  the  present  upon  clinical 
experiment  rather  than  upon  theory.  Some  observers  have  reported 
cases  in  which  bone  marrow  seemed  a  useful  remedy,  and  I  have  my- 
self observed  a  case  of  which  the  same  could  be  asserted.  On  the 
other  hand,  it  has  been  found  useless  by  some  clinicians,  and  I  have 
seen  it  fail  in  one  case.  It  has  been  claimed  by  some  that  the 
beneficial  action  occasionally  observed  is  due  to  the  action  of  iron 
contained  in  the  bone  marrow.  Analysis,  however,  shows  that  the 
quantity  thus  ingested  would  be  wholly  insufficient,  and  the  amount 
of  iron  taken  with  other  forms  of  food  is  greatly  in  excess  of  that 
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taken  iu  this  'wny.  Regjirdiug  the  variability  iu  action  in  different 
cases,  while  it  must  be  admitted  that  the  entire  number  reported  has 
been  insujBBcient  to  warrant  positive  conclusions,  I  have  been  inclined 
to  believe  that  much  depends  ui)on  the  preparation  of  the  marrow. 
The  preparation  which  has  given  the  best  results  in  my  own  experi- 
ence was  made  by  taking  equal  parts  of  red  marrow  and  glycerin 
and  mixing  these  thoroughly  in  a  mortar.  A  "  marrow  jam"  is  thus 
produced  Avhich  is  palatable  and  well  tolerated  by  the  stomach  in 
quantities  of  from  two  to  four  drachms  three  or  four  times  daily.  A 
tendency  to  diarrhosa  may  in  certain  patients  require  reduction  in 
the  amount  of  glycerin  contained  in  the  jam.  The  whole  question 
of  the  value  of  bone  marrow  in  pernicious  anaemia  is  undecided. 

Next  regarding  the  measures  necessary  to  improve  the  conditions 
of  the  circulation.  It  is  of  prime  importance  in  the  treatment  of  a 
severe  anaemic  disease,  such  as  the  one  under  consideration,  that  all 
of  the  available  corj^uscles — none  too  manj^  at  best — be  brought  into 
the  circulation  and  rendered  useful.  For  this  purpose  massage  is  of 
great  value.  It  has  been  pointed  out  by  a  number  of  observers  that 
the  corpuscles  of  the  hand  held  in  the  air  number  from  five  to  ten  or 
fifteen  per  cent,  less  per  cubic  millimeter  of  blood  than  do  those  of 
the  toe  or  other  dependent  parts.  In  my  own  experiments  in  this 
direction  I  have  found  a  uniform  excess  of  from  eight  to  ten  per  cent, 
in  the  blood  of  the  toe,  and  practicalh^  a  similar  excess  of  haemo- 
globin. Recently  J.  K.  Mitchell  demonstrated  the  advantage  of  mas- 
sage to  equalize  the  circulation,  and  found  the  number  of  corpuscles 
to  be  thereb}^  quite  uniformly  increased  even  in  the  most  pronounced 
forms  of  anaemia.  It  is  therefore  clear  that  in  the  treatment  of  per- 
nicious anaemia  rest  in  the  horizontal  position  (which  will  favor  the 
maximum  effect  for  the  cardiac  action)  and  massage  (which  will  re- 
turn to  the  circulating  blood  and  to  usefulness  a  large  proportion  of 
corpuscles)  are  of  considerable  importance. 

Next  to  these  measures  it  is  of  importance  to  consider  the  ques- 
tion of  quantitative  anaemia.  Near  the  end  of  the  disease  the  patient's 
condition  may  be  endangered  by  this  reduction  in  the  quantity  of 
blood  and  the  consequent  failure  of  adequate  circulation,  more  than 
by  a  deterioration  in  the  quality  of  the  blood,  and  measures  are  called 
for  which  will  increase  the  blood  mass.  Injections  of  large  quantities 
of  water  or  of  weak  saline  solution  into  the  large  bowel  have  the 
double  advantage  of  stimulating  peristalsis  and  thus  improving  the 
general  circulation,  and  perhaps  at  the  same  time  removing  from  the 
system  noxious  substances,  and  also  the  greater  advantage  of  supply- 
ing a  certain  amount  of  liquid  to  the  empty  vessels.  In  one  case  of 
pernicious  anaemia  which  has  come  under  my  observation,  there  was 
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rapid  and  unmistakable  improvement  from  the  first  administratign  of 
colonic  douches ;  and  while  to  an  extent  this  improvement  was  ascrib- 
able  to  improvement  in  local  conditions  of  the  colon,  to  a  large  degree 
it  was,  I  think,  owing  to  absorption  of  liquid  from  the  bowel. 

In  certain  cases  it  may  be  of  advantage  to  substitute  for  colonic 
injections  hypodermic  or  intravenous  injections.  The  latter  method 
commends  itself  particularly  in  cases  in  which  the  circulation  has  be- 
come considerably  enfeebled,  and  absorption  of  the  water  is  therefore 
unlikely  to  occur  speedily  from  the  subcutaneous  tissues  or  from  the 
bowel.  These  methods  of  increasing  the  circulation  by  increasing 
the  quantity  of  the  circulating  medium  are,  I  believe,  of  incalculable 
advantage  in  many  cases,  and  failure  of  arsenic  at  times  is  due  to  the 
fact  that  such  measures  have  not  been  taken  to  increase  the  circulation 
and  make  the  further  action  of  the  specific  remedy  possible. 

Brackenridge,  von  Ziemssen,  and  others  have  recently  advocated 
transfusion  with  defibrinated  blood,  but  there  seems  little  reason  to 
believe,  in  the  light  of  our  present  knowledge,  that  this  procedure 
has  any  advantage  over  simple  saline  injections.  The  corpuscles  in- 
troduced with  the  blood  probably  rapidly  undergo  destruction,  and  it 
is  doubtful  whether  they  are  functionally  active  even  for  a  short  time. 

The  treatment  of  the  underlying  affections  which  perhaps  act  as 
the  immediate  causes  of  the  disease,  or  which  influence  unfavorably 
the  progress  of  a  case,  comprehends  attention  to  every  detail  of  the 
patient's  physical  condition.  In  particular,  however,  it  is  important 
to  consider  the  question  of  intestinal  antisepsis  and  other  treatment 
directed  to  the  gastrointestinal  tract.  The  diet  should  be  so  selected 
that  the  food  may  readily  be  digested  and  that  it  may  undergo  as 
little  decomposition  as  possible.  Liquid  food,  and  particularly  milk, 
will  prove  most  useful;  and  in  many  cases  it  is  of  advantage  to  have 
the  foods  predigested.  The  quantity  at  a  meal  should  be  small,  but 
food  should  be  given  at  frequent  intervals.  Hydrochloric  acid  and 
bitters  may  be  used  to  aid  the  digestion.  Vomiting  may  be  con- 
trolled by  small  doses  of  bismuth,  cocaine,  or  carbolic  acid. 

Finally,  if  our  speculations  regarding  the  nature  of  the  disease  are 
correct,  and  the  prime  cause  is  gastrointestinal  fermentation,  it  should 
be  possible  to  influence  favorably  the  course  of  the  disease  by 
measures  directed  to  the  prevention  of  fermentation  in  this  tract. 
This  has  undoubtedly  been  done  in  a  number  of  cases.  I  have  al- 
ready referred  to  the  satisfactory  results  obtained  from  colonic  lavage 
in  one  case ;  and  although  this  may  have  been  due  partly  to  the  absorp- 
tion of  liquid  from  the  bowel,  it  was  doubtless  also  due,  to  an  extent, 
to  the  mere  cleansing  effect  of  the  injections.  Certainly  this  method 
of  treatment  ofi'ers  sufficient  hope  of  beneficial  results  to  warrant  its 
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more  oxteiuled  introduction.  With  careful  manipulation  it  is  easj  to 
flush  the  entire  colon  with  water,  and  probably  also  a  large  part  of 
the  small  intestine;  and  gastric  lavage  may  be  practised  with  Ijut 
little  inconvenience.  This  treatment  is  particularly  advisable  in 
cases  in  which  alternating  constipation  and  diarrhoea  or  excessive 
vomiting  with  a  fermented  condition  of  the  vomited  materials  give 
e\ddence  of  the  gastrointestinal  disturbance. 

Intestinal  antiseptics,  such  as  salol,  hydronaphthol,  and  the  like, 
have  been  employed,  and  Gibson  in  particular  has  reported  good 
results  from  this  mode  of  treatment.  The  failure  of  intestinal  anti- 
septics to  control  fermentative  processes  in  other  affections,  however, 
makes  their  use  less  advisable  in  pernicious  anaemia  than  theoretical 
deductions  would  lead  us  to  expect. 

The  treatment  of  pernicious  ansemia  in  association  with  intestinal 
parasites  is  clear  and  direct.  It  consists  in  the  administration  of 
remedies  such  as  thymol,  santonin,  or  other  anthelmintics,  and  the 
subsequent  use  of  tonics,  such  as  arsenic  and  iron. 

Leukaemia. 

Syyionyms. — Leucocythsemia  (Bennett) ;  lymphadenie  leucemique 
(Trousseau) . 

DEFESfmON. 

Leukaemia  is  a  disease  of  hsematogenesis,  characterized  by  in- 
crease in  the  number  of  leucocytes  in  the  circulating  blood  and  by 
characteristic  changes  in  the  bone  marrow,  lymphatic  glands,  or 
spleen,  or  in  all  of  these  structures ;  tending  to  run  a  more  or  less 
chronic  course,  and  marked  by  secondary  lymphoid  infiltrations  of 
various  organs. 

Hjstory. 

On  October  1st,  1845,  Bennett,  of  Edinburgh,  published  observa- 
tions in  the  Edinburgh  Medical  Journal,  under  the  title  of  "Two 
Cases  of  Disease  and  Enlargement  of  the  Spleen,  in  which  Death 
took  Place  in  the  Presence  of  Purulent  Matter  in  the  Blood."  In  the 
discussion  of  these  cases,  he  considered  the  nature  of  the  bodies 
which  he  discovered  so  abundantly  in  the  blood,  and  decided  that  they 
represented  white  corpuscles,  but  that  no  instance  had  been  recorded 
in  which  the  latter  were  so  numerous.  He  looked  upon  his  cases 
as  instances  of  suppuration  of  the  blood,  or,  as  it  might  be  termed, 
suppurative  hsemitis.     This  opinion  was  entertained  after  a  careful 
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investigation  of  all  possible  sources  of  internal  suppuration,  and  he 
states  specifically  "  that  there  was  no  phlebitis  or  purulent  collection 
to  which  the  appearance  within  the  vessels  could  be  ascribed."  Six 
weeks  later  Yirchow  published  his  first  observations  in  Germany, 
and,  at  once  realizing  the  nature  of  the  conditions,  applied  the  term 
"  iceisses  Blut, "  or  leukaemia.  He  very  soon  recognized  the  connection 
of  the  latter  with  disease  of  the  lymphatic  or  blood-making  structures. 
Active  controversy  ensued  as  to  the  priority  in  the  recognition  of  the 
disease,  but  to  Yirchow  unquestionably  belongs  the  honor  of  having 
first  actually  recognized  and  described  the  afi'ection.  Bennett  relin- 
quished his  first  view  regarding  the  suppurative  nature  of  the  proc- 
ess, and  adopted  the  opinions  of  Yirchow,  altering  the  name  of  the 
disease,  however,  to  leucocythsemia. 

The  credit  of  having  first  recognized  cases  of  this  disease,  how- 
ever, belongs  to  much  earlier  observers.  Bichat  in  1801,  Hodgkin  in 
1832,  Barth  and  Donne  in  1839  (published  in  1856),  Yelpeau,  Piorry, 
Andral,  and  Hokitansky  had  all  seen  cases  which  with  more  or  less 
likelihood  may  be  considered  to  have  been  leukaemia ;  and  even  Mor- 
gagni,  Galen,  and  Hippocrates  recorded  cei-tain  suggestive  observa- 
tions of  cases  of  enlargement  of  the  spleen  and  glands  with  death  from 
progressive  anaemia. 

Fuller  and  "Walsh  demonstrated  the  blood  changes  in  the  living 
patient  in  1846,  and  in  1849  the  disease  was  diagnosticated  during 
life  by  Yogel. 

Yirchow  pointed  out  that  the  glands  and  the  spleen  may  be  sepa- 
rately affected,  and  thus  distinguished  the  lymphatic  and  splenic  or 
lienal  varieties  of  the  disease,  in  1853;  while  Neumann,  in  1869, 
showed  that  the  bone  marrow  may  be  involved,  and  described  the 
medullary  or  myelogenous  variety.  Behier  (1869)  first  called  atten- 
tion to  the  gastrointestinal  form  of  the  disease;  while  Philippart, 
Nachter,  and  Kaposi  described  dermal  forms. 

After  the  first  observation  of  the  affection  by  Yirchow  and  Ben- 
nett, instances  of  the  disease  were  recorded  with  great  rapidity,  and 
in  his  work,  published  in  1852,  Bennett  was  able  to  tabulate  thirty- 
seven  cases;  while  in  1860,  in  his  "Lectures  on  Clinical  Medicine," 
he  states  that  twenty  more  had  come  under  his  notice.  Yidal  pub- 
lished a  monograph  in  1856,  and  since  that  time  numerous  compre- 
hensive articles  have  appeared. 

The  first  case  recorded  in  America  was  reported  by  H.  J.  Bigelow, 
in  Boston,  in  1858;  and  in  1864,  Damon,  of  Boston,  issued  an  inter- 
esting monograph.  Among  the  later  writings  the  work  of  Mosler,  of 
Fleming,  of  Biesiadecki,  of  Lowit,  and  particularly  of  Ehrlich,  have 
contributed  to  a  more  extended  knowledge  of  the  affection. 
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Etiology. 


Disfrihuilon. — Leuka3mia  is  a  disease  met  with  in  all  parts  of  the 
workl,  though  api)areutly  it  is  more  frequeut  in  certain  situations. 
Eichhorst  states  that  he  was  struck  by  the  frequency  of  the  disease 
at  Konigsberg,  where  numerous  cases  came  under  his  observation 
among  the  Jews  coming  from  Poland  to  be  treated  in  the  hosi)ital  of 
that  place,  as  compared  with  the  occurrence  of  the  disease  in  Berlin, 
in  Gottiugen,  and  in  Jena.  During  later  years,  in  Ziirich,  he  saw 
but  four  cases  of  this  disease  among  fourteen  thousand  patients. 

Limbeck  has  collected  statistics  from  the  principal  hospitals  of 
Europe,  and  has  found  the  number  per  10,000  to  varj'  between  cpiite 
wide  limits.  In  Wiirzburg  and  Barcelona  there  were  2  cases  and  1 
case  respectively  in  22,750  and  59,940  patients;  in  Brussels  and 
Trieste  the  proportion  was  slighth^  under  1  per  10,000;  in  Mout- 
pellier,  Cologne,  and  Kiel  the  proportion  was  about  2  per  10,000; 
in  Munich  and  Berlin,  2.24  ;  in  Vienna,  Breslau,  Innsbruck,  and 
Zurich,  about  3.5;  in  Prague,  Leipsic,  and  Strassburg,  between  4  and 
5;  in  Heidelberg,  there  were  8.87;  in  Stockholm,  9.18;  in  Eostock, 
9.89.  The  distribution  of  the  disease  in  America  has  not  been  posi- 
tively determined,  but  Osier  states  that  it  does  not  seem  to  be  more 
frequent  in  the  South  than  in  other  parts.  Among  his  18  cases,  11 
occurred  in  Montreal,  5  in  Baltimore,  and  2  in  Philadelphia.  The 
disease  is  not  uncommon  at  the  present  time  in  the  latter  city,  as  I 
have  seen  15  cases  during  the  last  four  years ;  and  at  least  12  have 
come  under  my  notice  within  the  last  year  in  the  hospital  service  and 
private  practice  of  myself  and  colleagues. 

Bace. — Racial  influence  does  not  appear  to  exert  any  marked 
effect.  The  statement  of  Eichhorst  would  seem  to  indicate  a  preva- 
lence among  the  Jews,  though  the  kind  of  patients  seeking  hospital 
aid  might  have  determined  this  preponderance. 

Environment. — The  disease  is  more  common  among  the  poor  and 
working  classes,  but  no  special  influence  can  be  attributed  to  the  so- 
cial or  sanitarj^  surroundings.  Cases  are  frequently  seen  in  those 
living  in  luxury  and  leading  a  life  of  ease,  as  well  as  in  those  sub- 
jected to  squalor  or  to  overwork. 

The  physical  condition  of  the  patient  may  have  been  entirely  sat- 
isfactory before  the  onset  of  the  disease,  or  the  affection  may  occur 
in  those  whose  health  has  pre^^ously  suffered. 

Age. — Leukaemia  occurs  at  all  periods  of  life,  from  earliest  infancy 
to  advanced  years ;  but  the  majority  of  cases  occur  between  the  twen- 
tieth and  the  fiftieth  year,  the  maximum  for  men  usually  being  in  the 
Vol.  VII.— 26 
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tliird  decade,  and  for  women  in  the  fourth.  In  the  latter  the  occur- 
rence of  the  menopause  after  forty  usually  determines  the  later  devel- 
oiDment  of  the  disease,  though  leuksemia  is  by  no  means  infrequent  in 
earlier  life. 

Sanger  records  a  case  of  a  foetus,  still-born  at  term,  in  which  the 
evidences  of  the  disease  were  discovered.  Golitzinsky  rejDorted  a 
case  in  a  child  one  week  old,  while  a  number  of  observers  (Orth, 
Hochsinger  and  Schiff,  Ortner,  Stilling,  Monti,  and  Berggriin)  have 
reported  cases  within  the  first  year.  Baginsky  stated  that  from  fif- 
teen to  twenty  per  cent,  of  all  the  cases  occurred  in  children  under 
ten  years  of  age,  and  Gerhardt  believes  it  to  be  as  common  in  child- 
hood as  in  later  life.  It  has  been  held  that  the  lymphatic  form  is 
more  common  in  children  of  a  few  months,  while  the  splenic  occurs 
after  the  age  of  one  year.  In  adults  the  sxjlenomyelogenous  form 
is  the  more  common. 

Sex.- — Leukaemia  is  much  more  common  in  males  than  in  females. 
According  to  Gilbert,  it  is  incomparably  more  common;  and  among 
200  cases  tabulated  by  Birch-Hirschfeld,  135,  or  67.5  per  cent.,  were 
males,  and  (Sb,  or  32.5  per  cent.,  were  females. 

Predisposing  Diseases. — Various  infectious  diseases  have  been  re- 
corded as  predisposing  or  determining  the  occurrence  of  leukaemia. 
Among  these,  malaria,  and  especially  the  irregular  chronic  forms, 
lias  always  occupied  attention,  though  it  is  likely  that  the  occurrence 
of  simple  splenic  enlargement  in  this  disease  counts  to  some  extent 
for  the  belief  in  its  etiological  importance.  In  one  hundred  and 
fifty  cases  of  leukaemia  studied  in  this  connection  by  Gowers,  thirty 
gave  a  history  of  previous  malaria;  while  in  the  cases  under  Osier's 
observation,  malaria  had  been  present  in  one-third. 

Syphilis  at  times  seems  to  play  a  part,  especially  the  hereditary 
form  of  the  disease  in  children.  Not  rarely  lesions  have  been  found 
post  mortem,  as  in  one  of  the  ten  cases  of  acute  leukaemia  reported 
by  Fraenkel,  giving  evidence  of  the  previous  occurrence  of  syphilitic 
infection.  Typhoid  fever  was  reported  by  Immermann  as  a  de- 
termining cause  in  a  case  of  myelogenous  leukaemia.  Kecently 
attention  has  been  called  to  influenza  by  Litten,  Fraenkel,  and 
others. 

For  a  long  time  it  has  been  recognized  that  disorders  of  the  in- 
testines frequently  precede  the  development  of  leukaemia,  and  in  par- 
ticular chronic  diarrhcBa  and  dysentery  have  been  recorded.  Hinter- 
berger  pointed  out  that  many  of  the  cases  present  stomatitis,  lesions 
of  the  pharynx,  or  intestinal  ulcers,  and  suggests  that  such  lesions 
form  the  portal  of  entrance  for  the  infectious  specific  causes  of  the 
disease.     Troje  believes  that  in  cases  of  chronic  leukaemia  in  which 
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early  enlargement  of  the  cervical  glands  occurs,  diseased  tonsils  form 
the  portal  of  entrance  of  the  infection. 

Pregnancy,  lactation,  and  disturbances  of  menstruation  seem  to 
exercise  a  certain  influence  in  the  development  of  the  disease,  and 
Paterson  states  that  in  such  cases  the  onset  may  be  abrui)t  and  the 
course  acute.  The  association  of  leukaemia  with  the  climacteric  has 
been  alluded  to  before. 

Kickets  and  scrofula  occasionally  seem  to  bear  an  etiological  re- 
lation to  the  disease,  though  many  of  the  cases  of  supposed  leukaemia 
in  association  with  these  affections  have  doubtless  been  instances  of 
merely  associated  leucocytosis. 

Heredity  is  undoubtedly  of  considerable  importance.  The  most 
remarkable  case  is  that  of  Cameron,  affecting  a  woman  whose  grand- 
mother, mother,  and  one  brother  had  had  symptoms  suggesting  leu- 
kaemia, and  who  herself  had  borne  two  children  that  died  of  the  dis- 
ease. During  Cameron's  observation  she  passed  through  three 
pregnancies,  each  time  giving  birth  to  a  non-leukaemic  child.  Casati 
reported  a  case  of  a  girl  of  ten  years  suffering  with  the  disease,  whose 
father  and  grandmother  were  affected.  Biermer  observed  it  in  two 
sisters  of  three  and  four  and  one-half  years  respectively.  Senator 
saw  it  in  twins  of  one  and  one-half  years.  Eichhorst  reports  two  in- 
stances ;  one  in  which  a  child  and  its  cousin  were  affected,  and  an- 
other in  which  a  child  of  four  had  the  disease  and  its  brother  had 
died  of  it  at  twelve. 

The  influence  of  traumatism,  to  which  de  Chapelle  called  atten- 
tion, is  sometimes  quite  striking,  though  the  predisposition  to  the 
disease  undoubtedly  exists  in  such  cases  before  the  traumatism. 
Ebstein  has  recently  called  attention  to  several  cases  of  a  sugges- 
tive character,  and  has  treated  elaborately  of  the  subject.  The  re- 
ported cases  seem  to  indicate  that  injuries  of  the  bones  or  of  the 
spleen  are  particularly  prone  to  determine  the  occurrence  of  leukae- 
mia. Mursick  reported  a  case  of  acute  onset  five  days  after  amputa- 
tion of  the  thigh,  and  Crede  and  Kocher  have  reported  its  occurrence 
after  splenectomy. 

Cold  is  supposed  to  exercise  an  influence,  especially  when  expo- 
sure of  the  abdomen  has  occurred.  This,  however,  seems  a  most  un- 
likelj^  cause. 

Pernicious  anaemia  has  been  reported  in  a  number  of  instances  as 
terminating  in  leukaemia.  Striking  cases  of  this  character  were  re- 
corded by  Litten  and  by  Musser,  but  it  seems  quite  likely  that  some 
at  least  of  the  cases  of  this  character  are  instances  of  terminal  leuco- 
cytosis. 

Pseudo-leukaemia  and  leukaemia  are  closely  allied  affections,  but 
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their  relation  still  remains  undecided.  The  lesions  of  the  solid  or- 
gans are  so  similar  and  the  occurrence  of  leucocytosis  towards  the 
end  of  pseudo-leuksemia  has  been  so  frequently  observed,  that  certain 
writers  hold  to  the  essential  identitj^  of  the  two  affections,  looking 
upon  the  condition  of  the  blood  as  a  comparatively  unessential  part  of 
the  pathology .  Among  the  Germans,  Cohnheim  was  an  advocate  of  this 
view ;  and  French  writers  after  Trousseau  and  Bonfils  speak  of  both 
affections  under  the  name  of  adenie,  and  distinguish  two  varieties — ■ 
the  leuksemic  and  the  non-leuksemic.  Recently  this  view  has  gained 
largely  in  its  adherents,  and  Troje,  in  particular,  has  described 
pseudo-leukaemia  as  the  forerunner  of  leukaemia.  (See  Hodgkin's 
Disease.) 

Infection. — -There  are  many  features  in  leukaemia  which  make  it 
probable  that  the  disease  is  essentially  infectious  in  its  nature.  The 
character  of  the  lesions  and  the  manner  of  their  metastasis  are  ex- 
tremely suspicious,  while  the  clinical  course  of  certain  cases,  partic- 
ularly the  acute  forms,  and  the  occurrence  of  contagion  in  at  least 
one  recorded  instance  (Obrastzow)  add  weight  to  this  assumption. 
Klebs  first  suggested  the  probable  infectious  nature  of  the  disease, 
and  described  certain  bodies  resembling  monadines  which  he  re- 
garded as  the  probable  cause.  Subsequently  Orth,  Osterwald, 
Eoux,  and  others  contributed  to  this  subject.  Byrom  Bramwell  de- 
scribed certain  bodies  resembling  micrococci ;  Majocchi  and  Baccini, 
Kelsch  and  Yaillard  found  bacilli  in  the  blood.  Pawlowsky  discov- 
ered bacilli  in  six  cases,  the  organisms  in  question  being  short  rods 
with  rounded  ends,  which  could  not  be  cultivated  in  ordinary  media, 
though  he  succeeded  in  obtaining  growths  upon  specially  prepared 
media.  Animal  experiments,  however,  were  not  successful.  The  ba- 
cilli found  by  Kelsch  and  Vaillard  were  pathogenic  for  mice,  and 
were  found  in  the  blood  during  life,  as  well  as  in  the  tumors  post 
mortem.  Staphylococci  were  discovered  in  two  cases  of  splenic  leu- 
kaemia by  Bonardi,  and  very  recently  bodies  resembling  coccidia  have 
been  found  in  the  lymphatic  glands  by  Mannaberg. 

These  studies,  however,  do  not  serve  as  yet  to  establish  the  infec- 
tious origin  of  the  disease;  as,  on  the  one  hand,  negative  observa- 
tions have  been  recorded  by  certain  observers,  and,  on  the  other 
hand,  the  occurrence  of  secondary  infections  with  micrococci  and  ba- 
cilli are  extreme!}^  common  in  the  course  of  chronic  diseases  of  all 
kinds.  The  attempts  which  have  been  made  to  produce  the  disease 
in  animals  have  thus  far  proved  unsuccessful.  Mosler  injected  leu- 
kaemic  blood  into  dogs  and  rabbits  without  definite  results,  and  Bol- 
linger found  that  injection  of  blood  from  a  leukaemic  animal  into  a 
healthy  animal  of  the  same  species  exercised  no  specific  effect.     Gil- 
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bert,  with  Cadiot  and  Koger,  has  made  subcutaneous,  intraperitoneal, 
and  intravenous  injections  of  the  gland  tissues  from  diseased  dogs 
into  healtby  dogs ;  but  the  results  so  far  have  been  unconvincing. 

Pathological  Anatomy. 

The  essential  pathologj^  of  leukaemia  was  first  recognized  by  Yir- 
chow.  It  consists  of  certain  disease  processes  affecting  the  lym- 
phatic structures,  notably  the  bone  marrow,  the  spleen,  and  the  lym- 
phatic glands.  These  processes  are  of  two  kinds :  First,  infiltration 
with  leucocytes,  due  to  the  filtering  function  of  the  Ij'mphatic  struc- 
tures and  the  emigration  of  the  leucocytes  in  loco,  as  Ranvier  first 
pointed  out;  and  secondly,  an  increase  due  to  actual  overgrowth  or 
hyperplasia  of  lymphadenoid  tissue,  forming  heterologous  lym- 
phatic nodes,  as  Bizzozero,  Wertheim,  and  others  have  demon- 
strated. T\Tiile  these  changes  are  primarily  found  in  the  lymphatic 
structures,  other  organs — as  the  liver  and  kidneys,  in  which  lym- 
phatic tissue  is  normally  absent — may  be  involved;  or  there  may  be 
disease  of  the  lymi^hoid  tissue  of  the  mucous  membranes — as  in  the 
tonsils,  the  solitary  follicles,  and  Peyer's  patches,  in  the  thymus 
gland  or  subcutaneously. 

Changes  in  the  Bloocl-Mahing  Ch^gans. 

It  is  difficult  to  determine  in  which  part  of  the  hsemopoietic  sys- 
tem the  pathological  changes  first  make  their  appearance.  Yirchow, 
in  his  earlier  jjapers,  described  two  forms  of  the  disease — the  one 
characterized  by  the  appearance  in  the  blood  of  small,  round  cells, 
resembling  those  of  lymphatic  glands ;  the  other  distinguished  by  the 
occurrence  of  large  leucocytes  with  pale  nuclei.  To  the  first  form 
the  term  lymphsemia  was  applied,  and  the  disease  was  regarded  as 
essentially  a  process  involving  the  lymphatic  glands.  To  the  second 
form  the  term  splenasmia  or  lienal  leukaemia  was  applied,  and  the 
place  of  origin  was  thought  to  be  the  spleen.  Subsequently  Neu- 
mann and  others  alluded  to  the  changes  in  the  bone  marrow  discov- 
erable in  leukaemia,  and  the  hgemological  studies  of  Cornil,  Eobin, 
Ehrlich,  and  others  led  to  the  recognition  of  the  bone  marrow  as  the 
probable  seat  of  the  initial  lesions  of  the  disease.  Latterly  interest 
has  largely  turned  in  this  direction,  and  observers  have  quite  gen- 
erally looked  upon  the  bone  marrow  as  the  essential  seat  of  the  dis- 
ease process. 

Bone  3Iarrow.  — Changes  in  the  bone  marrow  were  first  recognized 
by  Neumann.  They  occur  both  in  the  spongy  bones  and  in  the  long 
bones.     Ordinarily  they  are  well  recognized  in  the  tibia,  in  the  ribs, 
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sternum,  or  vertebrae.  Two  forms  of  change  may  be  recognized  by 
the  macroscopic  appearance  of  the  marrow.  These  were  distin- 
guished by  Neumann  as  the  pyoid  and  the  lymphoid.  In  the  for- 
mer of  these  the  marrow  presents  a  more  or  less  yellowish  appear- 
ance quite  different  from  the  light  color  of  normal  marrow.  The 
substance  of  the  marrow  may  be  uniformly  altered  or  there  may  be 
merely  areas  scattered  here  and  there  in  which  the  appearance  is 
yellow  and  puriform.  The  tissue  may  be  firm,  but  tends  more^  and 
more  to  become  soft  or  liquid  the  further  the  change  has  advanced. 
In  the  second  or  lymphoid  type  of  marrow  the  color  is  pink  or  red 
and  the  appearances  presented  are  those  characteristic  of  the  marrow 
as  found  in  the  foetus  or  new-born.  Not  rarely  areas  of  intense  con- 
gestion may  be  seen  or  small  punctate  hemorrhages  may  be  visible. 
In  certain  cases  a  mixed  character  is  recognized  in  the  marrow,  areas 
of  a  yellowish  color  alternating  with  other  portions  having  a  reddish 
or  violaceous  hue.  The  causes  of  these  differences  of  appearance  are 
recognized  by  the  microscopic  examination.  In  both  forms  it  is 
noticed  that  the  fat  cells  have  largely  disappeared,  and  sometimes 
no  trace  of  fat  remains.  In  the  pyoid  marrow,  as  Ponfick  pointed 
out,  there  is  a  marked  hyperplasia  of  the  colorless  marrow  cells, 
while  in  the  lymphoid  marrow  this  peculiarity  is  less  marked,  while 
on  the  other  hand  there  is  more  evidence  of  congestion  of  the  smaller 
blood-vessels  and  of  the  occurrence  of  masses  of  nucleated  and  non- 
nucleated  erythrocytes.  Actual  hemorrhages  may  be  recognized  in 
certain  cases.  More  careful  examination  of  the  pyoid  marrow  deter- 
mines that  it  consists  to  a  large  extent  of  large  round  haemoglobin- 
free  cells  having  large  but  pale  nuclei  and  abundant  fine  granules 
presenting  neutrophilic  properties.  These  cells  not  rarely  show  active 
karyokinesis.  In  the  lymphoid  marrow  the  proportion  of  nucleated 
red  corpuscles  is  sometimes  very  large,  as  in  the  foetal  marrow  and  in 
pernicious  anaemia,  and  a  striking  proportion  of  them  may  show 
mitotic  figures  in  their  nuclei  (Troje).  Neumann  called  attention  to 
the  fact  that  the  octahedral  crystals  discovered  by  Charcot  in  the 
blood  of  leuksemic  cases  also  occur  in  the  marrow  of  normal  indi- 
viduals after  a  certain  amount  of  exposure,  while  in  leukaemia,  and 
particularly  in  cases  in  which  the  pyoid  condition  is  noted,  the  number 
of  such  crystals  may  be  decidedly  marked. 

Cases  of  leukaemia  have  been  described  in  which  no  alteration 
at  all  was  discovered  in  the  marrow. 

Spleen. — Alterations  of  the  spleen  are  most  constant.  Usually  the 
splenic  changes  are  associated  with  medullary  changes,  and  the 
lieno-meduUary  form  of  leukaemia  is  the  most  frequent  form.  The 
spleen  may  be  greatly  enlarged  and  not  rarely  extends  as  far  down- 
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wards  as  the  spine  of  the  ilium  aud  anteriorly  as  far  as  the  middle 
line.  Almost  the  entire  abdomen  may  be  tilled.  Sixer  records  a  case 
in  which  the  weight  was  sixteen  and  a  half  pounds  and  the  size  of  the 
organ  o7x2o  cm.  This  increase  is  by  no  means  excessive,  and  accord- 
ing to  Birch-Hirsclifeld  spleens  weighing  5-10  kgm.  are  not  unusual. 
The  leukaemic  hypertrophy  is  essentially  variable,  the  size  altering 
from  time  to  time  with  alterations  in  the  patient's  condition  and  espe- 
cialh'  after  hemorrhages  or  diarrhoea.  In  the  earlier  stages  the  organ 
is  hypersemic  and  the  swelling  augments  with  considerable  rapidit3\ 
At  this  time  rupture  may  occur  spontaneously  or  in  consequence  of 
traumatism.  Later  the  hyperplastic  changes  and  the  infiltration 
characteristic  of  the  fulh-  developed  condition  occur.  The  spleen 
then  becomes  harder,  and  on  section  the  appearance  is  rather  varie- 
gated. Hypersemia  of  the  pulp  may  cause  a  reddish  or  dark-colored 
ai)pearance  of  the  portions  surrounding  the  blood-vessels,  while  the 
adjacent  elements  are  of  lighter  color.  The  Malpighian  bodies  are 
frequently  the  special  seat  of  change,  becoming  of  considerable  size 
and  light  in  color.  In  advanced  cases  the  fixed  connective  tissue  of 
the  trabeculse  tends  to  undergo  thickening  and  the  hardness  of  the 
organ  may  be  largely  dependent  upon  diffuse  fibrosis.  Hyperplastic 
thickening  of  the  caj^sule  is  not  uncommon,  and  inflammatory  ad- 
hesions may  attach  the  organ  firmly  to  surrounding  sti'uctures. 

The  pressure  of  the  excessive  infiltration  leads  to  small  areas  of 
fatty  degeneration  or  necrosis,  and  light-colored  ansemic  infarcts  are 
not  uncommon.  Hemorrhagic  infarcts  are  less  frequently  observed. 
Yirchow  refers  to  true  abscess  of  the  spleen,  and  marked  pigmentation 
has  been  noted  in  cases  following  chronic  malaria. 

Microscopically  the  essential  change  consists  in  the  infiltration 
with  and  proliferation  of  lymphoid  cells.  Usually  the  cells  are  small 
in  size,  but  in  places  they  may  be  of  notable  proportions  and  resemble 
somewhat  the  cells  of  the  marrow.  Cells  enclosing  red  corpuscles 
are  more  or  less  abundant,  and  nucleated  red  corpuscles  have  been 
observed;  sometimes  the  latter  show  karyokinetic  changes.  Charcot 
crystals  are  not  unusual  and  have  been  demonstrated  in  several  in- 
stances in  the  splenic  pulp  withdrawn  through  aspirating  needles 
during  life. 

Chemical  examinations  of  the  splenic  substance  have  varied  con- 
siderably in  their  results.  Salkowski  and  Stern  found  considerable 
quantities  of  a  substance  allied  to  peptone,  with  xanthiu  and  ty rosin; 
while  Bockedahl  and  Landwehr  found  peptone,  lactic  acid,  succinic 
acid,  xanthin,  and  leucin,  but  no  tyrosin  or  hypoxanthin.  Stadthagen 
found  xanthin  and  hypoxanthin  with  traces  of  adenin  and  guanin. 
None  of  these  observers  detected  uric  acid. 
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Lymplmtic  Glands. — Changes  in  the  lymphatic  glands  may  be 
among  the  earliest  visible  symptoms.  The  glands  increase  in  size, 
forming  large  chains  or  groups.  Those  of  the  cervical  region  are 
most  frequently  involved,  but  the  axillary,  inguinal,  thoracic,  and  ab- 
dominal lymphatic  nodes  are  frequently  affected.  As  a  rule  the  en- 
largement begins  in  a  single  gland  or  in  a  small  group  and  spreads 
until  a  considerable  mass  is  formed.  Usually  the  individual  glands 
in  such  masses  are  more  or  less  intimately  connected  and  fused 
together,  though  the  normal  outlines  and  limits  of  each  still  remain 
visible.  On  section  the  substance  is  found  to  be  white  or  pink  and 
rather  firm  in  texture.  A  certain  amount  of  necrosis  may  occur 
within,  and  spots  of  yellow  color  due  to  fatty  degeneration  are  not 
unusual.  Suppurative  softening,  however,  rarely  occurs.  Micro- 
scopically the  changes  found  consist  in  proliferation  of  the  cells  and 
also  of  the  vascular  channels  and  of  the  connective  tissue,  together 
with  deposition  of  cells  from  the  blood.  Usually  the  cellular  change 
is  in  excess  of  that  involving  the  connective  tissue,  and  the  gland  in 
consequence  is  more  or  less  soft.  In  certain  cases,  on  the  contrary, 
the  glands  are  of  excessive  hardness,  due  to  the  connective-tissue  hy- 
perplasia. The  processes  may  be  confined  within  the  capsule  of  the 
glands  but  sometimes  extend  beyond  the  latter,  and  proliferation  takes 
place  in  the  surrounding  structures.  The  individual  cells  are  small 
round  bodies  having  rather  distinct  nuclei ;  though  sometimes  it  is 
noticeable  that  the  cells  have  increased  in  size  as  well  as  in  number, 
and  forms  have  been  described  which  correspond  more  closely  with 
the  larger  leucocytes  of  the  blood  than  with  the  small  lymphocytes. 
Metastasis  may  occur  from  primary  disease  of  the  lymphatic  gland 
and  may  involve  the  other  lymphatic  structures,  the  liver,  the  kidneys, 
and  other  organs  as  in  the  cases  beginning  in  the  spleen  or  bone 
marrow. 

There  is  no  sharp  dividing  line  by  which  the  changes  which  affect 
the  lymphatic  glands  in  leukaemia  can  be  separated  from  those  in 
pseudoleukgemia  and  constituting  what  has  been  variously  termed 
lymphadenoma,  lymphosarcoma,  and  malignant  lymphoma.  Ac- 
cording to  Birch-Hirschfeld  the  only  differences  found  are  that  the 
cells  are  rather  larger  and  often  multinuclear  or  even  actually  of  the 
type  of  giant  cells  in  pseud oleuksemia ;  that  attempts  to  inject  sub- 
stances held  in  suspension  into  the  gland  through  the  punctured 
capsule  meet  with  failure  in  pseudoleukgemia,  while  in  leukaemia  the 
substances  injected  may  pass  through  the  gland  even  into  the  efferent 
lymphatic  vessels.  Finally,  penetration  of  the  capsule  and  involve- 
ment beyond  the  confines  of  the  gland  are  more  characteristic  of 
Hodgkin's  disease.     These  differences,  however,  are  really  slight  and 
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often  cannot  be  determined.  Practically  the  lymphatic  lesions  of 
the  two  diseases  are  identical. 

Cases  have  been  described  in  which  the  lymphatic  glands  as  well 
as  the  diseased  portions  of  the  spleen  and  of  other  organs  secondarily 
involved  have  presented  the  yellowish-green  appearance  character- 
istic of  chloroma.  Such  cases  have  been  studied  by  Waldstein,  von 
Kecklinghausen,  and  lately  by  Dock. 

Tliymns  Gland. — Alterations  in  the  thymus  gland  are  frequently 
observed.  Usually  the  changes  consist  of  nodules  of  lymphoid  ap- 
pearance or  of  uniform  infiltrations  of  the  gland.  Yirchow  called 
attention  to  the  persistence  of  the  thymus  and  to  the  occasional  oc- 
currence of  quite  marked  enlargements  of  the  organ.  In  a  few  in- 
stances the  pathological  process  has  seemed  to  begin  in  the  thymus 
gland,  manifesting  itself  in  the  form  of  a  progressively  increasing 
tumor  having  the  general  appearances  and  the  histology  of  lympho- 
sarcoma. In  such  cases  direct  extension  or  secondary  involvement 
of  the  mediastinal  glands  is  prone  to  be  met  with  early,  while  uni- 
versal metastasis  occurs  secondarily. 

Thyroid  Gland. — Lymphoid  infiltration  and  nodular  involvement 
of  this  gland  have  been  observed,  but  are  unusual. 

Gastrointestinal  Tract. — Attention  has  been  called  to  the  involve- 
ment of  the  lymphoid  structures  of  various  parts  of  the  gastro- 
intestinal mucous  membrane.  The  follicles  at  the  base  of  the  tongue 
and  the  tonsils  may  be  among  the  earliest  seats  of  disease,  becoming 
enlarged  and  presenting  the  white  color  and  the  general  appearance 
seen  in  the  lymphatic  nodes.  Throughout  the  gastrointestinal  tract 
similar  nodules  of  lymphadenoma  are  met  with.  In  the  stomach 
there  may  be  flat  elevations  with  surface  ulcerations.  In  the  intes- 
tines the  solitary  follicles  are  frequently  enlarged  and  small  erosions 
or  ulcers  are  prone  to  occur.  The  Peyer's  patches  may  be  consider- 
ably swollen  and  ulcerated,  presenting  a  close  resemblance  on  super- 
ficial examination  to  the  ulcers  of  typhoid  fever.  While  the  lesions 
of  the  intestines  are  for  the  most  part  found  to  involve  the  normal 
lymphatic  follicles,  nodules  may  occur  independently  and  in  situa- 
tions where  lymphoid  tissue  had  no  previous  existence. 

Ulceration  of  the  mouth  and  other  forms  of  stomatitis  frequently 
occur  in  the  earlier  stages  or  throughout  the  course  of  the  disease. 
These  lesions  appear  to  be  particularly  frequent  in  the  acute  forms  of 
the  malady.  Ulcers  in  the  lower  parts  of  the  tract  are  rarely  met 
with,  excepting  in  connection  with  the  lymphomatous  enlargements. 

Skin. — Lymphatic  nodules  or  diffuse  hyperplasia  of  the  skin  have 
been  described  and  in  some  cases  the  dermal  involvement  seems  to  be 
the  predominating  pathological  condition.     The  lesions  may  begin 
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as  a  more  or  less  uniform  eczematous  condition,  leading  to  a  lichen- 
oid appearance  in  its  further  development  and  finally  to  the  formation 
of  distinct  swelling  or  tumor-like  formations  with  ulceration.  The 
condition  in  its  final  state  is  that  designated  as  mycosis  fungoides. 
Dermatologists  and  pathologists  are  by  no  means  united  in  regarding 
these  conditions  as  leuksemic  and  in  only  a  few  cases  was  the  con- 
dition of  the  blood  suggestive. 

Sometimes  the  lesions  of  the  skin  are  distinctly  those  of  pmrigo, 
though  certain  differences  have  been  pointed  out. 

Serous  Memhranes. — The  serous  sacs  frequently  contain  a  cer- 
tain amount  of  liquid  transudate  having  a  light  straw  color  or,  more 
rarely,  of  reddish  appearance  due  to  admixture  of  blood.  Nodular 
lymphoid  deposits  or  diffuse  thickening  may  occur  in  the  mem- 
branes themselves.  In  the  pericardium  the  lymphomata  are  found 
in  the  subepicardial  tissue  especially  along  the  blood-vessels.  In 
the  peritoneum  the  nodules  may  be  disseminated  throughout  the 
entire  abdomen  as  in  the  case  of  Laache,  or  may  be  confined  to  a 
single  portion,  as  in  the  case  in  which  Birch-Hirschfeld  recorded  the 
involvement  of  the  mesocolon.  Considerable  thickening  of  the 
pleura  has  been  observed  and  the  membrane  has  been  found  in 
some  cases  studded  with  nodules  (Friedreich,  Mosler). 

Liver. — Enlargement  of  the  liver  is  usually  an  early  manifesta- 
tion of  leukaemia,  especially  in  cases  in  which  the  spleen  is  impli- 
cated. The  size  may  be  exceedingly  large  and  the  weight  has  been 
found  as  great  as  10  kgm.  The  surface  is  usually  smooth,  the  edges 
distinctly  rounded,  and  the  substance  generally  quite  hard.  On 
section  the  appearance  presented  is  found  to  be  quite  variegated, 
the  normal  liver  substance  being  mottled  with  areas  of  light  color 
or  marked  with  a  fine  network  of  streaks  or  lines.  In  the  latter 
cases  the  light-colored  areas  are  found  surrounding  the  acini  whose 
outlines  thus  become  distinctly  marked.  The  pressure  of  the 
infiltrating  lymphoid  tissue  may  cause  serious  compression  and 
atrophy  of  the  hepatic  lobules  so  that  spots  of  pigmentation  alone 
indicate  their  former  existence.  In  less  advanced  cases  fatty  degen- 
eration of  the  liver  cells  occurs  in  consequence  of  the  pressure. 
Microscopically  it  is  found  that  the  infiltration  occupies  the  peri- 
portal structures  and  the  peripheral  zones  of  the  lobules  surrounding 
the  intralobular  capillaries.  In  the  cases  in  which  nodular  masses 
are  seen  with  the  naked  eye  the  microscope  shows  that  they  are 
periportal  in  situation  or  origin.  The  small  blood-vessels  are  found 
densely  packed  with  leucocytes,  while  the  perivascular  tissues  are 
infiltrated  to  varying  distances  around.  M.  Smidt,  and  more  re- 
cently H.  F.  Miiller,  have  called  attention  to  the  return  of  the  liver 
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structure  to  the  foetal  condition,  and  tlie  former  has  expressed  the 
view  that  the  hnemopoietic  function  of  embryonal  life  is  reestab- 
lished. Miiller  noted  the  frequenc}-  of  mitoses  in  the  corpuscles  in 
the  hepatic  capillaries. 

The  lymphatic  glands  in  the  fissure  of  the  liver  are  generally 
enlarged  and  may  reach  considerable  size. 

Chemical  examinations  of  the  liver  made  by  Salkowski  showed  a 
peptone-like  substance  in  small  proportion,  tyrosin  and  leucin  in 
considerable  quantity,  xanthin  bodies  and  succinic  acid  but  no  uric 
acid.  Bockedahl  and  Landwehr  found  considerable  peptone  ('?), 
leucin  and  tyrosin,  xanthin,  succinic  acid  and  lactic  acid.  Hj-po- 
xanthin  and  uric  acid  were  absent. 

Kidiieijs. — Involvement  of  the  kidneys  is  frequent.  The  infiltra- 
tion usually  begins  at  the  cortex  and  extends  inwards.  It  may  be 
diffuse  or  in  lines ;  or,  on  the  other  hand,  quite  distinctly  nodular, 
the  nodules  at  times  becoming  of  large  size  and  presenting  a  vascu- 
lar or  hemorrhagic  character.  The  infiltration  is  mainly  found  sur- 
rounding the  tubules  and  the  Malpighian  bodies.  The  nodules,  as 
elsewhere,  present  a  fine  reticulum  containing  round  cells  within  its 
meshes.  Uric-acid  infarcts  of  the  tubules  have  been  described  by 
Virchow.  The  parenchyma  of  the  kidneys  may  suffer  considerable 
parenchymatous  or  fatty  degeneration  in  consequence  of  the  pressure, 
and  amyloid  disease  has  been  occasionally  noted. 

The  suprarenal  bodies  are  frequently  involved  and  occasionally 
become  quite  large.  A  case  is  recorded  by  Fleischer  and  Penzoldt 
in  which  the  size  was  so  great  that  rupture  occurred. 

Besplratory  Trad. — Infiltration  of  the  mucous  membrane  of  the 
epiglottis,  the  trachea,  and  the  bronchi  is  not  unusual.  Small  nod- 
ules from  1  to  2  mm.  in  diameter  and  closely  resembling  tubercles  in 
their  appearance  (Yirchow)  are  observed.  Considerable  involvement 
of  the  lungs  themselves  (Deiters)  may  occur  and  the  infiltrated  areas 
may  suffer  necrosis  and  break  down  with  the  formation  of  cavities 
resembling  those  of  tuberculosis  (Bottcher). 

Heart. — The  cavities  of  the  heart  are  usually  only  moderately  dis- 
tended and  the  left  side  frequently  is  quite  empty.  Light-colored 
clots  are  commonly  observed,  and  sometimes  the  chambers  of  the 
heart  contain  blood  presenting  an  appearance  not  unlike  sanious  pus. 
At  times  the  opening  of  the  heart  seems  like  an  incision  into  an 
abscess.  The  muscle  substance  is  pale  and  not  rarely  light  areas  of 
fatty  degeneration  are  apparent.  Extreme  fatty  degeneration  is  un- 
usual but  may  occur  in  the  advanced  stages  of  the  disease.  Lym- 
phoid infiltration  between  the  muscle  fibres  and  punctiform  hemor- 
rhages  in   the   myocardium   are   more    specific   and    characteristic 
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lesions.  Acute  vegetative  endocarditis  was  found  post  mortem  in 
one  of  my  cases,  and  has  been  repeatedly  observed  by  others. 

The  salivary  glands  are  less  frequently  involved  than  other  organs. 
A  number  of  cases  have  been  described,  however,  in  which  the 
parotid  gland  has  been  a  striking  situation  of  lesions,  as  in  the  in- 
stance recently  reported  by  Dunn. 

The  Eyes. — Nodules  have  been  found  in  the  orbits  by  Birk  and 
others.  Considerable  tumors  may  thus  be  formed  around  and  be- 
hind the  eyes.  Ophthalmological  examination  shows  the  vessels  of 
the  retina  to  be  large  and  tortuous  and  infiltrations  may  be  visible 
about  the  adventitia;  the  smaller  vessels  may  be  obstructed  with 
masses  of  leucocytes  and  their  walls  may  suffer  fatty  degeneration. 
Whitish  areas  of  thickening  and  sclerotic  change  and  areas  of  fatty 
degeneration  may  be  striking  features.  Nodular  or  diffuse  infiltra- 
tions of  the  iris  and  the  choroid  have  been  observed. 

The  brain  and  meninges  may  be  infiltrated  and  hemorrhages 
sometimes  occur.  The  vessels  of  the  brain  and  the  perivascular 
lymphatic  channels  are  densely  filled  with  leucocytes,  and  in  the  cases 
of  hemorrhage  the  blood  mass  may  be  largely  composed  of  white 
corpuscles.  The  spinal  cord  may  present  degenerative  lesions  resem- 
bling those  seen  in  pernicious  anaemia  (Minnich). 

Bones. — Earef action  of  the  bones  has  been  referred  to  by  some 
and  osteosclerosis  has  been  found  by  Hauck.  Chemical  analysis  of 
the  bones  made  by  Bockedahl  and  Landwehr  has  shown  a  consider- 
able proportion  of  j)eptone  (?). 

The  Blood.     ■ 

The  most  characteristic  changes  of  leukaemia  are  found  in  the 
blood. 

When  the  finger  or  some  other  portion  is  punctured  the  blood 
oozing  from  the  surface  may  present  striking  peculiarities.  Some- 
times it  is  simply  light-colored  and  perhaps  more  fluid  than  normal. 
At  other  times  it  resembles  lymph  or  may  be  of  such  whiteness  that 
it  is  quite  milk-like  or  puriform.  At  times  the  color  is  dark,  and  in 
certain  cases  it  has  been  likened  to  chocolate.  Usually  there  is  no 
difficulty  in  obtaining  it  freely  from  the  punctured  finger  and  not 
rarely  the  flow  is  abnormally  active.  Occasionally  there  is  a  decided 
hemorrhagic  tendency  and  it  may  be  difficult  to  cause  the  bleeding  to 
stop. 

The  specific  gravity  is  generally  diminished  and  has  been  found 
to  vary  between  1036  and  1049. 

The  reaction  is  alkaline  as  in  normal  blood,  though  of  a  lesser 
degree,  and  there  is  a  tendency  to  rapid  decomposition  after  removal 
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from  tlie  body,  with  the  develo])nieiit  of  au  acid  reaction.  Tliis  is 
probably  due  to  decompositiou  of  lecithin  with  the  production  of 
glycerophosphoric  acid.  Various  acids,  such  as  lactic,  acetic,  formic, 
and  succinic,  have  been  found  in  the  blood,  ])ut  an  acid  reaction  is 
never  detected  in  the  fresh  blood,  as  was  at  one  time  believed  by  some. 

Most  observers  have  been  struck  by  the  fact  that  the  blood  as  it  es- 
capes from  the  body  does  not  coagulate  as  readily  as  normal.  Sam- 
son-Himmelstjerna  has  studied  this  in  particular,  while  Bockedahl 
and  Landwehr  and  Freund,  in  calling  attention  to  the  same  fact,  sug- 
gest that  the  presence  of  peptone  (?)  in  the  blood  leads  to  this  de- 
creased coagulability.  Rywosch  and  Berggriin  found  that  the  coag- 
ulation is  rendered  more  rapid  or  normal  when  the  blood  is  treated 
with  carbonic-acid  gas,  these  experiments  having  been  suggested  by 
Fano's  assertion  that  blood  containing  peptone  may  be  restored  to 
normal  coagulability  by  such  treatment,  while  normal  blood  is  ren- 
dered less  so.     Wright  has  confirmed  the  latter  observation. 

Allusion  has  already  been  made  to  the  character  of  the  clots  found 
within  the  cardiac  chambers  and  in  the  vessels  in  leuksemia.  When 
the  blood  is  allowed  to  coagulate  outside  the  body  it  is  noticeable 
that  the  lower  portion  of  the  clot  containing  the  red  corpuscles  is 
comparatively  insignificant,  while  the  upper  light-colored  portions 
composed  largely  of  leucocytes  is  of  considerable  amount.  Firm 
clotting  is  unusual  within  the  heart,  but  there  is  usually  semi- 
solidified  puriform  material  iustead.  In  the  smaller  vessels  white 
clots  occur,  and  owe  their  development  to  the  fact  that  the  white  cor- 
puscles circulate  with  less  freedom  than  the  red  and  that  in  conse- 
quence stasis  is  prone  to  occur. 

The  Leucocytes. — The  microscopic  examination  of  the  blood  dis- 
covers the  most  characteristic  feature  of  the  disease,  viz.,  the 
increased  number  of  leucocytes.  In  cases  of  moderate  severity  there 
may  be  100,000  or  200,000  white  corpuscles  per  cubic  millimetre, 
while  in  severe  cases  500,000,  1,000,000,  or  even  a  greater  number 
may  be  observed.  The  relation  of  the  number  of  leucocytes  to  the 
number  of  red  corpuscles  is  enormously  disturbed,  so  that  in  severe 
cases  a  proportion  of  1  to  2  or  1  to  1  may  be  seen  and  the  number  of 
leucocytes  may  be  actuall}^  double  that  of  erythrocytes  (Robin).  The 
actual  number  is  more  important  than  the  proportionate,  as  the  varia- 
tion in  the  number  of  red  corpuscles  plays  an  equal  part  in  the  alter- 
ation of  the  relation  with  the  number  of  the  white  corpuscles. 
Among  the  older  writers  the  proportion,  however,  was  considered 
important,  and  a  distinction  was  made  between  leucocytosis  and 
leukaemia  according  as  the  relation  of  white  to  red  was  below  or  above 
1  to  20, 1  to  50,  or  some  other  adopted  standard.     Such  a  distinction, 
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however,  cannot  now  be  maintained.  Cases  of  undoubted  leukaemia 
occur  in  which,  the  actual  number  of  white  corpuscles  is  not  greatly 
increased  and  in  which  the  relative  proportion  is  but  little  disturbed, 
while  on  the  other  hand  instances  of  leucocytosis  may  be  cited  in 
which  the  relation  of  white  to  red  corpuscles  may  be  as  great  as  1 
to  2.  Even  quite  recently,  however,  certain  authors  have  adhered  to 
a  numerical  distinction  between  leucocytosis  and  leucocythsemia,  al- 
though they  admit  that  such  a  distinction  is  by  no  means  absolutely 
reliable.  Thus  Gilbert  (following  Hay  em)  places  the  limit  of  leu- 
cocytosis at  70,000. 

The  number  of  leucocytes  varies  considerably  from  time  to  time 
in  consequence  of  surrounding  conditions  or  of  disease.  The  in- 
fluence of  infectious  diseases  in  particular  is  of  interest.  Eisenlohr 
reports  a  case  in  which  the  supervention  of  typhoid  fever  caused 
great  reduction  in  the  number  of  corpuscles,  while  Quincke  observed 
the  same  in  consequence  of  acute  miliary  tuberculosis,  and  Stinzing 
made  a  similar  observation.  Kovacs  saw  a  decided  decrease  following 
influenza,  Miiller  following  sepsis,  and  Fraenkel  after  a  similar  dis- 
ease. In  these  cases  there  is  some  alteration  in  the  character  of  the 
leucocytes  as  well  as  in  the  number,  the  mononuclear  elements  suf- 
fering great  decrease,  while  the  polynuclear  forms  become  relatively 
more  numerous.  A  decrease  in  the  number  of  leucocytes  may,  how- 
ever, occur  without  distinct  cause.  In  a  recent  case  I  have  seen  fluc- 
tuations amounting  to  25,000  to  50,000  on  successive  days  in  a  case  in 
which  the  total  number,  on  an  average,  was  about  300,000.  Some- 
times the  number  suddenly  or  quite  rapidly  falls  almost  or  quite  to 
the  normal,  and  examination  of  the  blood  may  no  longer  reveal  the 
nature  of  the  disease  excepting  possibly  on  careful  study  of  the  char- 
acters of  the  individual  leucocytes.  Thus  in  a  case  studied  by  Thayer 
the  number  of  corpuscles  under  treatment  became  almost  normal, 
though  the  relative  excess  of  large  mononuclear  forms  containing 
neutrophilic  granulations  (myelocytes)  still  gave  evidence  of  the 
nature  of  the  disease.  In  a  case  under  my  own  observation  the 
number  of  leucocytes  fell  rapidly  from  150,000  to  30,000,  though  the 
symptoms  continued  with  but  little  alteration. 

Certain  peculiarities  of  the  nature  of  the  leucocytes  in  general 
have  been  observed  and  recorded.  According  to  Hayem  the  number 
of  white  cells  containing  small  quantities  of  hasmoglobin  is  greatly 
in  excess  of  the  normal,  this  observer  holding  that  in  normal  condi- 
tions a  certain  number  of  white  corpuscles  contain  this  coloring 
matter.  In  cases  in  which  leukaemia  has  followed  chronic  malaria 
it  has  been  pointed  out  that  many  of  the  leucocytes  contain  notable 
quantities  of  pigment  matter. 
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Amoehoid  Jfovemenfs. — Biesiadecki,  in  studying  a  case  of  myelog- 
enous leukiemia  in  187(5,  called  attention  to  the  fact  that  the  amoe- 
boid movements  were  strikingly  sluggish.  In  inxrticular  he  noticed 
that  while  the  movements  of  the  corpuscles  having  about  the  size  of 
red  corpuscles  or  slightly  greater  size  were  active,  those  of  the  cor- 
puscles from  two  to  four  times  the  size  of  the  red  corpuscles  were 
greatly  decreased  or  entirely  wanting.  Later  observations  were 
made  by  Neumann  (187G),  Cavafy  (18 T 8),  Renaut,  Lowit,  and  more 
recenth'  by  Miiller  and  Rieder.  All  observers  have  noted  that  prac- 
tically all  of  the  cells  of  the  largest  size  are  almost  or  quite  devoid  of 
movement,  while  the  polynuclear  or  i)olymorphous  cells  present  the 
same  amoeboid  activity  as  those  of  the  normal  blood  or  of  leucocy- 
tosis.  Some  difference  of  opinion  has  been  expressed  regarding  the 
smaller  mononuclear  leucocytes,  though  it  is  quite  evident  that  move- 
ments are  usually  sluggish  or  absent.  The  increased  number  of  large 
mononuclear  cells  in  lienomedullary  leukaemia  gives  rise  to  the  imj^res- 
siou  that  the  blood  is  devoid  of  amoeboid  movement,  whereas  in 
reality  the  cells  which  normall}-  possess  contractile  powers  are  as 
active  in  leukaemia  as  in  health.  Miiller  and  Rieder,  however,  insist 
upon  the  value  of  these  amoeboid  movements  as  indicating  leuksemia, 
holding  that  the  large  cells  presenting  no  amoeboid  movement  at  all 
are  peculiar  to  this  disease.  The  study  of  the  individual  forms  of 
leucocytes  has  received  a  powerful  impetus  during  recent  years  by 
the  masterly  investigations  of  Ehrlich  and  his  pupils  and  has  been 
rendered  especiallj^  easy  by  the  introduction  of  the  dry  method  of 
fixation  suggested  by  this  investigator.  As  Miiller  has  pointed  out, 
nearly  all  of  the  essential  points  in  the  histology  of  the  blood  known 
at  the  present  day  were  observed  and  described  with  more  or  less 
accuracy  by  the  early  observers  and  notabh^  by  Yirchow;  but  the 
more  general  knowledge  of  the  disease  and  the  more  accurate  deter- 
mination of  certain  problems  are  due  to  Ehrlich 's  methods. 

Yirchow  distinguished  two  forms  of  the  disease:  The  first  is  char- 
acterized by  the  preponderance  of  small  white  corpuscles,  resembling 
those  seen  in  the  lymphatic  glands;  this  he  designated  as  lymphatic 
leukaemia  or  lymphaemia,  the  same  form  being  sj^oken  of  as  small- 
celled  (HeinzeUiche)  leukaemia  by  Kottmann.  The  second  form  is 
characterized  by  the  greater  proportion  of  cells  of  large  size  such  as 
have  been  discovered  in  the  spleen,  and  this  variety  was  therefore 
called  lienal  leukaemia  or  spleuaemia  by  Virchow  and  large-celled 
(gwsszelUche)  leukaemia  by  Kottmann.  Later  the  investigations  of 
Mosler,  Neumann,  and  others  made  it  clear  that  invoh'ement  of  the 
bone  marrow  is  important  in  certain  cases,  and  the  existence  of  med- 
ullary or  myelogenic  leukaemia  was  thus  established.     At  the  present 
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time  it  is  generally  acknowledged  that  cases  of  leuksemia  rarely  involve 
one  only  of  the  blood-making  structures,  coincident  disease  of  two  or 
more  being  the  rule.  The  most  frequent  variety,  as  has  already 
been  indicated,  is  the  combined  splenic  and  myelogenous  (the  lieno- 
medullary  form).     Next  in  frequency   are  the  cases  in  which  the 


Fig.  39. 


-Lymphatic  Leukaemia;  Lymphsemia.    Showing  excessive  numbers  of  small  mononuclear 
leucocytes  or  lymphocytes. 


lymphatic  glands  are  involved  to  the  exclusion,  or  at  least  to  the 
practical  exclusion,  of  the  spleen  and  bone  marrow.  For  practical 
purposes  these  two  varieties,  the  lienomedullary  and  the  lymphatic, 
may  be  admitted  as  representing  the  important  pathological  varieties, 
and  the  condition  of  the  blood  serves  to  establish  the  existence  of  the 
one  or  the  other  with  more  or  less  certainty.  It  will  be  well  now  to 
consider  the  individual  forms  of  leucocytes  as  they  are  met  with  in 
this  disease.  In  this  consideration  the  classification  of  Ehrlich  is 
followed. 

Lympliocytes. — These  forms   are   small  mononuclear  leucocytes, 
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having  a  nucleus  rich  iu  cliromatiu  and  which  therefore  stains  in- 
tensely with  the  nuclear  staius.  The  size  is  usually  less  than 
that  of  the  red  corpuscle,  though  they  are  occasionally  slightly 
larger.  The  nucleus  almost  tills  the  cell  and  the  protoplasm  is  free 
of  granular  matter.  It  may  be  so  scanty  that  the  corpuscle  at  first 
presents  the  appearance  of  a  free  nucleus.  The  lymphocytes  are 
greatly  increased  in  number  iu  cases  of  lymphatic  leuksemia  (lym- 
l^hajmia).  Iu  such  cases  the  increased  number  of  white  corpuscles 
may  be  almost  entirely  due  to  excess  of  lymphocytes.  The  latter 
show  no  striking  alterations  from  the  characters  as  seen  in  normal 
blood.  Evidences  of  cell  division  (karyomytosis)  are  rarelj'  observed. 
Sometimes,  however,  the  lymphocytes  differ  from  the  normal  in  con- 
taining granulations,  particularly  the  coarse  basophilic  granules  or 
mastzellen  granulations  of  Ehiiich.  I  have  also  seen  them  densely 
filled  with  neutrophilic  granules. 

In  a  recent  study  of  cases  of  acute  leukaemia  Fraenkel  called  atten- 
tion to  the  presence  of  certain  cells  in  the  blood  which  differed  from 
the  ordinary  lymphocytes  in  being  considerably  larger,  many  of  them 
twice  the  size  of  the  ordinary  red  corpuscle  and  having  a  large  and 
sometimes  bipartite  or  polymorphous  nucleus,  relatively  poor  in 
chromatin.  These  cells  he  regards  as  of  lymphatic  origin  and  points 
out  that  he  found  them  abundantly  in  the  lymphatic  glands  post 
mortem.  The  actual  relation  of  these  leucocytes  is  uncertain,  though 
the  possibility  of  their  being  lymphocj^tes  pathologically  enlarged 
is  entertained,  and  Fraenkel  refers  to  the  statements  of  Virchow  and  of 
Birch-Hirschfeld  that  the  cells  of  the  lymphatic  glands  increase  in 
size  as  well  as  in  number  in  leukgemic  disease  of  these  structures. 

Large  3Iononuclear  Leucocytes. — These  forms  have  been  charac- 
terized by  Ehrlich  as  leucocytes  considerably  larger  than  red  cor- 
puscles, having  a  large  rounded  nucleus  but  small  in  comparison  with 
the  size  of  the  cell.  The  nucleus  is  poorer  in  chromatin  than  that  of 
the  lymphocyte  and  the  protoplasm  is  usually  free  of  granules.  In 
leukaemia  these  cells  are  of  comparative  unimportance,  though  they 
are  considerably  increased  in  number  in  certain  cases  of  the  lieno- 
medullary  type.  In  lymphsemia  they  are  relatively  much  reduced  in 
number. 

Transitional  Leucocytes. — These  differ  from  the  last  only  in  the 
fact  that  the  nucleus  is  irregular  in  outline.  Occasionally  neutro- 
philic granules  have  been  found  in  health.  The  relation  of  these 
cells  to  leuksemia  is  much  the  same  as  that  of  the  large  mononuclear 
cells;  indeed,  no  sharp  dividing  line  can  be  drawn  between  these 
forms.  These  two  forms  will  be  more  appropriately  considered  in 
the  following  section. 
Vol.  VII.— 27 
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Myelocytes  or  3IarkzeUen. — Mosler  first  called  attention  to  the  oc- 
currence in  a  case  of  leukaemia  of  certain  large  mononuclear  cells,  the 
origin  of  which  he  was  able  to  trace  to  the  bone  marrow  by  puncturing 
the  sternum  and  demonstrating  the  presence  of  similar  cells  in  the 
liquid  so  obtained.     Other  observers  have  recorded  observations  upon 


Fig.  40.  — Lienomedullary  Leutsemia.  Showing  poiMlocytes  and  nucleated  red  corpuscles  and 
leucocytes  of  various  types,  many  being  large  mononuclear  forms  containing  neutrophilic 
granulations  (myelocytes).    One  broken  eosinophile  cell  in  the  lower  part  of  the  field. 


the  blood  of  a  similar  character.  Thus  Uhle  called  attention  to  cer- 
tain very  large  cells  in  1853  and  Eberth  (1868)  referred  to  leucocytes 
of  unusual  size  with  nuclei  poor  in  chromatin.  Neumann  had  pre- 
viously described  marrow  ceUs  having  the  general  appearance  of 
those  discovered  in  the  blood  by  Mosler,  and  on  examining  the  speci- 
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mens  from  Mosler's  case  prououuced  the  cells  in  the  blood  as  mor- 
phologically identical  with  those  described  by  himself  in  the  marrow. 
Subsequently  a  number  of  authors  (Eisenlohr,  Grohe,  Litten,  Heuck, 
and  others)  have  referred  to  the  same  structures.  Cornil  and  Kobin 
described  cells  under  the  name  of  cellules  inednllaires  and  mMulocelles 
which  Miiller  identifies  with  the  cells  of  Mosler  and  of  later  authors. 
Ehrlifh  and  his  iiupil  Uthemann  described  the  same  form  and  deter- 
mined its  characters  by  the  modern  methods.  The  cell  of  Ehrlich 
is  a  large  mononuclear  form,  the  nucleus  being  comparatively  poor 
in  chromatin  and  the  j^rotoplasm  containing  more  or  less  abundant 
neutrophilic  granules.  This  cell,  according  to  Ehrlich,  is  identi- 
cal with  the  cells  containing  neutrophilic  granules  found  in  the  bone 
marrow,  and  Uthemann  named  it  definitely  the  myelocyte.  Recently 
H.  F.  Miiller  has  discussed  the  nature  and  origin  of  this  cell  elabor- 
ately and  has  established  the  identity  of  the  forms  described  by 
different  authors.  The  myelocyte,  or  markzeU  as  Miiller  terms  it,  is 
a  large  body  varying  from  four  to  five  or  six  times  the  diameter  of  the 
red  corpuscle,  having  an  extremely  pale  nucleus,  sometimes  with  an 
irregular  outline  but  more  usualh^  rounded  or  oval,  lying  in  the  centre 
or  often  towards  one  side  of  the  cell.  The  protoplasm  of  the  myelocyte 
usually  contains  granulations  staining  wdth  the  neutral  mixtures  of 
Ehrlich,  but  in  certain  cases  the  granules  are  oxyphilic  or  eosino- 
philic, as  Wertheim,  Miiller,  v.  Jaksch,  and  others  have  determined. 
Finally,  it  is  the  myelocytes  in  particular  which  are  devoid  of  amoe- 
boid movement,  the  cells  lying  stiff  and  motionless  upon  the  warm 
stage. 

The  nature  of  this  cell  still  remains  doubtful.  According  to  the 
earlier  observers  it  was  identical  with  the  cells  of  the  bone  marrow, 
although  no  special  attempt  was  made  to  determine  its  relations  with 
the  leucocytes  of  the  circulating  blood.  The  authors  who  hold  to 
the  theory  that  leukaemia  is  essentially  a  disease  of  the  blood  itself 
(Biesiadecki,  Lowit,  and  others)  look  upon  it  as  a  form  of  leucocyte 
or  a  cell  related  in  some  way  to  the  leucocytes  and  not  as  a  distinct 
cell  form.  The  lack  of  amoeboid  movement  suggested  to  Birch- 
Hirschfeld  that  it  is  a  large  and  degenerated  leucocyte,  while  Lowit, 
though  not  denying  the  resemblance  to  the  marrow  cells,  holds  that 
the  identity  of  these  with  the  myelocytes  of  the  blood  has  not  been  es- 
tablished. Ehrlich  and  some  of  his  followers,  though  pointing  out 
the  resemblance  or  identity  of  these  cells  with  those  of  the  marrow, 
have  not  denied  a  relationship  of  these  to  the  leucocytes.  The  mye- 
locyte, however,  was  regarded  by  them  as  a  form  never  seen  in  the  cir- 
culating blood  excepting  in  leukaemia.  The  French  writers,  notably 
Renaut,  Hayem,  and  Gilbert,  look  upon  these  cells  as  hypertrophic 
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leucocytes,  tliougli  the  latter  autlior  points  out  their  variation  from 
ordinary  leucocytes  in  size,  in  tlie  lack  of  chromatin,  and  in  the  absence 
of  amoeboid  movements.  Miiller  advocates  very  strongly  the  entire 
distinction  of  these  cells  from  the  leucocytes  and  regards  them  as 
identical  with  the  cells  of  the  marrow,  explaining  their  presence  in  the 
blood  by  the  assumption  that  they  are  carried  into  the  circulation  as 
are  the  nucleated  red  corpuscles.  It  must  be  admitted  on  careful  study 
of  these  cells  that  in  their  morphology  and  vital  properties  they  are 
identical  with  the  cells  of  the  marrow,  but  it  has  not  as  yet  been 
shown  that  the  latter  cells  are  distinct  formations  in  no  wise  compar- 
able with  leucocytes,  and  exception  may  properly  be  taken  to  the 
view  of  Miiller  that  the  myelocytes  are  distinct  formations.  Proof  is 
required  in  support  of  this  distinction,  since  in  their  general  ap- 
pearances the  markzellen  and  certain  cells  of  the  blood  differ  only  in 
certain  perhaps  unessential  features.  In  this  connection  the  cells 
mentioned  by  Fraenkel  and  found  so  abundantly  in  the  lymphatic 
glands  may  again  be  referred  to.  These  cells  differ  widely  from  the 
cells  of  the  lymphatic  glands  and  from  the  ordinary  lymphocyte,  yet 
their  origin  from  the  glands  is  at  least  probable.  The  life  history  of 
the  leucocyte  is  still  veiled  in  deep  obscurity  and  it  is  not  impossible 
nor  perhaps  improbable  that  a  certain  phase  is  found  in  the  marrow 
cells,  and  that  though  this  period  may  normally  display  itself  only 
within  the  marrow,  abnormally  the  marrow  cells  may  be  carried  into 
the  circulation. 

The  marrow  cell  is  a  constant  and  striking  feature  of  the  blood  of 
lienomedullary  forms  of  leukaemia,  though  it  also  occurs  in  small 
numbers  in  cases  in  which  the  lymphsemic  type  is  in  other  respects 
conspicuous.  In  some  cases  the  number  is  striking,  fully  twenty  or 
thirty  per  cent,  of  the  total  number  of  the  colorless  cells  being  of 
this  form. 

Eosinopliile  Leucocytes. — The  earlier  writers  (Virchow,  Vogel, 
Friedreich,  and  others)  call  attention  to  the  occurrence  in  leukaemia  of 
certain  large  cells  containing  fat  droplets.  These  were  referred  to  by 
Max  Schultze  as  grohgranidirte  Zellen.  They  were  more  minutely 
studied  by  Ehrlich,  who  found  the  granules  possessed  of  particular 
affinity  for  the  so-called  acid  stains  and  especially  for  eosin.  The 
latter  were,  therefore,  designated  eosinopliile  granules.  The  careful 
microchemical  studies  of  Ehrlich  showed  beyond  question  that  these 
granules  or  spherical  bodies  are  not  oil  drops,  as  was  held,  and  the 
studies  of  AVeiss  and  Posner  have  made  it  extremely  likely  that  they 
are  albuminous  in  nature.  Litten  maintained  that  he  had  stained 
these  granules  black  with  osmic  acid,  and  Miiller  confirms  this  ob- 
servation, though  he  at  the  same  time  denies  the  sufficiency  of  this 
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as  evidence  of  their  fatty  nature,  quoting  Heidenliaiu  that  as  "  all  ia 
not  gold  that  glitters,  so  all  that  stains  black  with  osniic  acid  is  not 
fat."  The  studies  of  Barker  and  Przewoski  suggest  that  these  gran- 
ules contain  iron. 

Ehrlich  laid  great  stress  ui)on  the  importance  of  these  cells  in 
leukannia,  basing  this  view  upon  their  abundance  in  the  marrow. 
Subseciuently,  however,  it  has  been  found  that  increased  numbers  of 
leucocytes  containing  oxyphilic  granules  may  occur  in  the  blood  in 
health  (in  the  new-born)  or  in  various  diseases  (asthma,  skin  diseases, 
nervous  diseases),  while  on  the  other  hand  cases  of  lienomedullary 
leukaemia  are  frequently  seen  in  which  the  relative  number  of  eosin- 
ophile  corpuscles  is  not  increased,  and  in  which  indeed  their  num- 
ber seems  diminished.  Sometimes  the  proportion  in  leukaemia  rises 
to  fifteen  or  twentj^  per  cent,  in  comparison  with  the  normal  of  from 
one  to  ten  per  cent.,  according  to  various  observers;  and  on  the 
other  hand,  the  proportion  very  frequently  is  not  above  two  to  five 
per  cent. 

Becent  observers  are  united  in  denying  any  special  significance 
to  these  granules.  They  may  occur  in  the  markzellen,  but  more 
commonly  in  polymorphous  cells  or  in  mononuclear  cells  with  com- 
paratively dark  nuclei  and  presenting  some  amoeboid  movement. 
Occasionally  lymphocytes  present  eosinophile  granules. 

Polymorphous  or  Polynuclear  Leucocytes. — The  polymorphous  leu- 
cocytes tend  to  decrease  in  number  in  all  cases  of  leukaemia  as  they 
tend  to  increase  in  most  forms  of  leucocytosis.  Sometimes  the  num- 
ber is  extremel}^  small,  falling  from  the  normal  of  sixty  or  seventy 
per  cent,  to  twenty,  ten,  or  even  one  per  cent,  of  the  total  number  of 
white  corpuscles.  Wide  variations  sometimes  occur  in  the  appear- 
ance of  the  nucleus,  and  in  some  cases  I  have  been  struck  by  the 
fact  that  the  chromatin  of  the  nucleus  of  some  was  distiuctlj'  less 
marked  than  in  the  normal  blood  and  much  more  irregularly  dis- 
tributed, while  in  others  the  normal  appearance  or  even  abnormally 
abundant  chromatin  was  observed.  The  neutrophilic  granules 
characteristic  of  these  cells  in  the  normal  blood  may  be  present  as  in 
health,  but  all  observers  who  have  studied  the  blood  of  leukaemia 
have  noted  the  occasional  entire  absence  of  the  granules.  More  com- 
monly the  granules  are  less  abundant  and  less  sharply  defined  than 
in  normal  blood.  Sometimes  oxyphilic  granules  are  observed.  The 
supervention  of  some  form  of  infection  may  cause  a  reduction  in  the 
total  number  of  leucocytes  in  the  blood,  as  has  already  been  ob- 
served, and  at  the  same  time  the  polynuclear  forms  may  become 
relatively  more  abundant.  The  same  change  occurs  when  the 
number  of  leucocvtes  diminishes  under  treatment. 
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In  studying  the  blood  of  leuksemic  cases  the  nuclear  alterations 
are  always  striking  and  in  particular  the  tendency  to  a  decreased 
richness  in  chromatin.  The  peculiar  pale  and  often  irregular  nucleus 
of  the  myelocytes  is  most  conspicuous,  but  in  all  of  the  forms  similar 
changes  are  noticeable.  Very  recently  Gumprecht  has  called  par- 
ticular attention  to  this  and  holds  that  it  is  an  evidence  of  transfor- 
mation of  the  nuclein  compounds  of  the  nucleus  into  xanthin  bodies. 
Karyomifosis. — Important  facts  in  the  pathology  of  the  disease 
have  been  added  by  the  discovery  of  leucocytes  presenting  karyoki- 

nesis.  These  were  first  demonstrated 
by  riemming,  but  were  subsequently 
observed  by  Arnold,  Hayem,  Spronk, 
Miiller,  Wertheim,  and  others.  Usu- 
ally the  number  of  leucocytes  of 
this  character  is  extremely  small,  and 
Flemming  states  that  he  saw  but  one 
among  a  number  of  thousands  of 
white  corpuscles.  Mitotic  figures 
may  be  found  in  any  of  the  leucocytio 
forms,  but  according  to  MiiUer  they 
are  especially  frequent  and  significant 
in  the  large  mononuclear  elements  or 
myelocytes.  Earlier  observers  refer 
to  the  occurrence  of  evidences  of 
nuclear  division  (Kottmann,  Eenaut,  and  Biondi) ;  but  the  evi- 
dence that  these  were  actually  leucocytes  undergoing  mitosis  and 
not  merely  polymorphous  or  fragmental  nuclei  may  be  doubted.  It 
has  been  denied  by  certain  observers  that  karyokinesis  of  the  leuco- 
cytes occurs  at  all,  and  Lowit  and  Biesiadecki  in  particular  hold  this 
opinion.  The  positive  observations  referred  to,  however,  make  the 
matter  certain,  and  there  can  be  no  doub.t  at  all  in  the  mind  of  one 
who  has  studied  leuksemic  blood  according  to  the  modern  methods. 

The  red  corpuscles  in  leukaemia  present  only  secondary  altera- 
tions. Their  number  may  be  entirely  normal,  or  indeed  at  times 
there  may  be  an  excessive  proportion  (Quincke,  Litten,  Waldstein). 
In  almost  all  advanced  cases,  however,  a  reduction  in  the  number  of 
red  corpuscles  may  be  observed.  In  the  majority  of  cases  this  re- 
duction is  moderate,  the  number  falling  to  3,000,000  or  2,000,000 
per  cubic  millimetre.  In  severe  cases  there  may  be  but  1,000,000, 
while  extreme  instances  are  recorded  where  the  number  has  been 
301,000  (Suchanek)  and  316,000  (Eichhorst). 

The  character  of  the  red  corpuscles  alters  progressively  with  the 
reduction  in  number.     The  form  may  vary  from  slight  deviations  to 


Fig.  41. — Leucocytes    Showing    Karyoki- 
netic  Figures. 
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tlie  most  exti'eme  grades  of  poikilocytosis ;  and  oval,  lanceolated,  ir- 
regular, or  apparently  fragmented  forms  may  occur  in  varying  pro- 
portions. The  color  of  the  corpuscles  does  not  vary  largely  from  the 
normal  and  their  behavior  towards  stains  maj^  be  entireh'  normal, 
though  Troje  and  others  have  called  attention  to  the  fact  that  they 
may  exhibit  striking  polychromatophilia.  Nucleated  red  corpus- 
cles were  first  discovered  by  Neumann  and  have  subsequenth^  been 
seen  bj'  most  of  the  investigators.  The  majorit}^  are  about  the  size 
of  a  red  corpuscle  or  even  much  smaller,  belonging  to  the  group 
of  normoblasts  of  Ehrlich.  Extremeh^  large  nucleated  corpuscles 
(megaloblasts)  are,  however,  not  unusual  and  msiy  sometimes  occur 
in  considerable  proportions.  The  total  number  of  nucleated  red  cor- 
puscles may  be  small,  but  at  times  increases  greath^  (a  thousand  or 
more  per  cubic  millimeti-e) ;  they  are  most  abundant  in  the  lieno- 
meduUar^"  form.  According  to  Ehrlich  they  are  particularly^  signifi- 
cant of  involvement  of  the  marrow.  In  the  lymphatic  type  they  are 
less  abundant  and  were  entirely  absent  in  cases  observed  b^-  Wert- 
heim,  Hay  em,  Neumann,  Rieder,  and  others.  In  acute  leukaemia 
the}'  are  usually  scanty  and  may  be  wholly  wanting, 

Friedreich  called  attention  to  the  fact  that  the  red  corpuscles 
sometimes  present  amoeboid  movements,  as  has  been  observed  more 
particularly  in  pernicious  ansemia  by  later  observers. 

The  haemoglobin  falls  in  percentage  with  the  decrease  in  number 
of  corpuscles  and  often  declines  ^more  decidedly  than  the  latter.  In 
severe  cases  the  percentage  varies  from  thirty  to  twenty,  or  even 
fifteen. 

Charcot  Crystals. — Charcot  first  discovered  certain  crystalline  for- 
mations in  the  blood  of  leuksemia  after  death.  Subsequently  they 
were  found  in  the  blood  as  well  as  in  the  juice  of  the  spleen  during 
the  lifetime  of  the  patient  by  Westphal,  Ord  and  Copeman,  and 
others.  The  nature  and  origin  of  these  crystals,  whose  identity  with 
the  crystals  found  in  the  sputum  of  asthma  by  Leyden  is  generally 
accepted,  still  remain  more  or  less  in  doubt.  According  to  C. 
Yulpian  they  are  octahedral  formations  having  a  length  of  about  0.04 
mm.  and  a  width  of  0.006  to  0.008  mm.  They  are  usually  demon- 
strable only  after  the  blood  has  been  allowed  to  stand  a  certain  length 
of  time  and  to  suffer  a  certain  amount  of  inspissation.  They  may 
occur  singly  or  in  the  form  of  radiating,  star-like  groups.  Cohn  has 
lately  described  them  as  hexagonal  pyramids.  Their  origin  has  been 
supposed  by  some  to  be  from  substances  found  in  the  plasma,  but 
others  regard  them  as  derivatives  from  leucocytes,  and  occasionally 
they  have  been  found  within  the  leucocytes  themselves.  In  a  prepa- 
ration of  blood  from  a  case  of  x>ernicious  anaemia  shown  me  by  Prof. 
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Frederick  P.  Henry  the  leucocytes  were  all  indistinct  and  formed  the 
centres  from  which  radiating  clusters  of  Charcot  crystals  took  their 
origin. 

The  same  crystals  are  found  within  the  normal  marrow,  but  with 
particular  abundance  in  the  pyoid  marrow  of  leukaemia  (Neumann). 
Their  chemical  composition  has  been  determined  by  Schreiner  to  be 
a  phosphate  of  an  organic  base.  The  crystals  have  been  supposed  to 
be  identical  with  the  spermin  crystals  of  Bottcher,  but  recent  investi- 
gations point  to  differences  in  crystallography  and  in  refractive  be- 
havior. They  are  never  abundant  in  the  blood  and  a  number  of  ob- 
servers have  looked  for  them  in  vain. 

Certain  atypical  and  more  or  less  doubtful  cell  forms  have  been 
described  by  a  number  of  observers.  Thus  Virchow  described  certain 
cells  presenting  an  attenuated  tail-like  extremity  (geschwanzte  Zel- 
len).  These  were  subsequently  described  by  Yogel,  Liicke,  and  Wert- 
heim,  the  latter  pointing  out  that  they  occur  only  in  the  lienome- 
dullary  form  and  regarding  them  as  probably  allied  with  the  spindle 
cell  found  in  the  blood  of  cold-blooded  animals  by  v.  Eecklinghausen. 

Occasionally  the  leucocytes  contain  red  corpuscles  or  fragments  of 
red  corpuscles. 

Blood  Plaques. — The  blood  plaques  are  sometimes  strikingly  nu- 
merous, large  groups  being  found  scattered  among  the  other  cor- 
puscles. Prus  in  his  investigation  found  2,000,000  per  cubic  milli- 
metre as  compared  with  500,000  or  less,  the  normal  number.  In  other 
cases  the  number  seems  reduced. 

Chemical  Alterations  in  the  Blood. — The  older  authors  claimed  that 
peptone  was  a  constituent  of  the  blood  in  leukaemia,  and  even  re- 
cently similar  findings  have  been  reported.  Among  others  Ludwig, 
Freund  and  Obermayer,  and  v.  Jaksch  have  recorded  this  condition. 
More  recent  knowledge,  however,  makes  it  most  likely  that  pep- 
tone in  the  sense  of  Kiihne  does  not  occur  and  that  the  substances 
supposed  to  be  peptone  are  in  reality  albumoses.  Mathes  found 
deuteroalbumoses  in  two  cases  in  which  the  blood  was  examined 
after  death,  but  it  is  probable  that  these  substances  as  well  as  the 
supposed  peptone  of  others  are  due  to  post-mortem  alterations, 
as  the  examinations  of  all  of  these  investigators  were  made  after 
death.  Yon  Limbeck  showed  by  studying  the  blood  immediately 
after  removal  from  the  body  and  after  twenty-four  hours  that  albu- 
moses were  developed  in  notable  quantities,  though  absent  in  the 
fresh  blood.  Mathes  has  also  found  neucleoalbumin  in  the  serum. 
Undoubtedly  this  resulted  from  leucocytic  destruction  with  liberation 
of  the  nuclear  substance. 

Uric  acid  has  been  repeatedly  discovered  in  notable  quantity,  and 
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Klemperer  Id  pai-ticular  found  a  (juantity  amounting  to  0.0985  per 
cent.  Lecithin  may  be  present  in  considerable  amounts.  Tlie  xau- 
thin  bodies  are  present  in  much  greater  abundance  than  in  health  or 
in  other  diseases. 

Eeference  has  already  been  made  to  the  occurrence  of  lactic,  acetic, 
and  other  acids  in  the  blood. 

Analyses  of  the  ash  made  by  Freund  and  Obermayer  showed  that 
the  potassium,  chlorine,  calcium,  and  magnesium  are  diminished, 
while  sodium  and  phosphoric  acid  are  increased.  These  differences 
in  the  composition  of  the  ash  are  dependent  upon  the  relative  de- 
crease in  the  red  corpuscles  and  the  increase  in  leucocytes,  as  analyses 
of  pus  would  indicate. 

The  distinction  of  different  forms  of  leuksmia  can  be  made  with 
a  certain  amount  of  accuracy  by  the  examination  of  the  blood, 
though  too  great  a  reliance  must  not  be  placed  on  these  features,  as 
indicating  actual  limitations  in  the  pathological  processes  in  the  solid 
organs. 

Lymplicemia. — In  the  lymphatic  leukaemia  of  Tirchow  the  exces- 
sive number  of  small  mononuclear  leucocytes  is  striking,  the  pro- 
portion in  a  remarkable  case  of  Uthemann  being  ninety-three  per 
cent,  of  all  the  leucocytes.  Mitoses  are  rare  in  such  blood  and  nu- 
cleated red  corpuscles  are  exceptional,  or  at  least  are  never  present 
in  large  numbers;  they  have,  however,  been  found  by  Wertheim, 
Miiller,  and  Limbeck.  Large  mononuclear  cells  corresponding  to 
the  type  of  markzellen  rarely  occur,  though  there  may  be  numbers  of 
mononuclear  leucocytes  larger  in  size  than  the  ordinary  lymphocyte 
and  differing  from  it  in  certain  peculiarities  (Fraenkel).  The  red  cor- 
puscles decrease  in  number  and  sometimes  rather  rapidly ;  while  the 
degi'ee  of  leucocytosis  is  rarely  as  great  as  in  the  lienomedullary 
form.  Limbeck  points  out  the  striking  resemblance  of  lymph?emic 
blood  to  that  seen  in  lymphosarcomatosis,  noting  that  the  only 
practical  difference  is  the  greater  degree  of  leucocytosis  in  leukaemia. 

Lienomedullary  Leuk(Emia. — The  most  obvious  feature  in  the  blood 
in  this  form  is  the  preponderance  of  large  mononuclear  elements. 
The  myelocytes  or  markzellen  sometimes  reach  notable  proportions 
and  speak  for  involvement  of  the  marrow  rather  than  of  the  spleen. 
The  number  of  lymphocytes,  though  increased,  is  less  decidedly 
augmented  than  is  that  of  the  larger  mononuclear  elements,  among 
the  latter  being  included  the  mononuclear  forms  of  the  normal  blood 
as  well  as  the  abnormally  large  forms  or  myelocytes.  Ehrlich  first  in- 
sisted upon  the  value  of  eosinophile  corpuscles  as  indicative  of  a  mye- 
logenic form  of  the  disease,  but  this  view  is  no  longer  maintained. 
Deduction  may  be  formed  with  much  greater  certainty  from  the  pres- 


426  STENGEL — DISEASES   OF  THE  BLOOD, 

ence  of  nucleated  red  corpuscles,  the  occurrence  of  large  numbers  of 
such  pointing  with  considerable  probability  to  myelogenous  involve- 
ment. The  discovery  of  Charcot  crystals  in  abundance  may  further 
be  taken  as  contributory  evidence;  while  the  absence  of  neutrophilic 
granules  in  the  polymorphous  leucocytes  and  the  occurrence  of  nuclei 
poor  in  chromatin  in  the  latter  are  further  points  of  value. 

Pure  splenic  leukaemia  probably  rarely  if  ever  occurs,  and  can- 
not be  distinguished  by  the  blood.  The  preponderance  of  large 
mononuclear  or  transitional  corpuscles  has  been  said  to  point  in  this 
direction;  but  this  view  cannot  be  maintained. 

Pathogenesis. 

Investigators  are  divided  into  two  groups  by  the  views  taken  of 
the  pathogenesis  of  this  disease.  The  larger  number  hold  to  the 
theory  of  Yirchow  that  leukEemia  is  primarily  a  disease  of  the  blood- 
making  organs  and  that  the  condition  of  the  blood  is  secondary. 
The  smaller  group  maintain  that  the  primary  disease  resides  in  the 
blood,  while  the  organic  lesions  are  secondary.  The  theory  of  Yir- 
chow rests  upon  the  discovery  of  organic  changes  in  the  organs  recog- 
nized as  having  relation  to  the  formation  of  blood,  and  upon  the 
fact  that  these  changes  are  regarded  as  actually  proliferative  in  char- 
acter. Virchow  maintained  that  the  excessive  number  of  the  leu- 
cocytes was  due  to  overproduction  in  the  solid  organs  and  the  retar- 
dation of  the  normal  conversion  of  leucocytes  into  red  corpuscles 
within  the  same  organs.  Neumann  was  practically  of  the  same 
opinion,  though  differing  somewhat  in  his  views  regarding  the  forma- 
tion of  red  corpuscles.  Klebs  and  the  last-named  author  refer  jiartic- 
ularly  to  the  occurrence  of  nucleated  red  corpuscles,  looking  upon  these 
as  evidences  of  a  slower  transformation  of  white  into  red  cells.  Later 
writers  have  taken  different  views  regarding  the  formation  of  red 
corpuscles,  and  the  origin  of  these  is  now  quite  generally  believed  to 
be  independent  of  the  leucocytes.  Nevertheless  the  opinion  still 
remains  fixed  that  leukaemia  results  from  primary  disease  of  the 
blood-making  organs  with  overproduction  of  leucocytes.  Doubt  was 
cast  upon  this  view  by  those  who  adhered  to  the  theory  that  leukaemia 
is  a  primary  blood  disease,  and  in  particular  by  their  assertion  that 
the  changes  in  the  organs  result  entirely  from  deposit  of  the  circulat- 
ing leucocytes  within  these  structures  and  not  from  actual  processes 
taking  place  in  them.  This  view,  however,  has  been  practically  dis- 
posed of  by  the  discovery  by  Bizzozero,  Wertheim,  and  others  that 
karyokinetic  changes  are  more  or  less  numerous  in  the  diseased  por- 
tions of  the  bone  marrow,  lymphatic  glands,  spleen,  and  other  organs. 
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The  occurrence  of  karyokinetic  corpuscles  in  the  circulating  blood  is 
further  evidence  of  the  overproduction  of  leucocytes,  and  in  view  of 
the  absence  of  mitosis  in  the  normal  blood  it  is  reasonable  to  suppose 
that  the  overproduction  occurs  in  the  blood-making  organs  rather 
than  in  the  blood  itself.  It  has  been  objected  that  the  number  of 
karyokinetic  corpuscles  found  in  the  bhjod  or  in  the  blood-making 
organs  is  too  small  to  warrant  the  belief  that  the  changes  in  the 
organs  result  from  hyperplasia.  To  this  it  may  be  replied  that  there 
is  no  doubt  on  the  one  hand  that  some  of  the  alterations  of  the  solid 
organs  result  from  infiltration  and  deposit  and  that  it  is  quite  likely, 
as  Flemming  and  Miiller  have  held,  that  the  production  of  leucocytes 
occurs  paroxysmally  (schnbwelse)  and  in  restricted  localities  (healer 
Aufiritt).  It  is  of  some  importance  to  note  that  M.  Schmidt  and 
Miiller  have  found  changes  in  the  liver  in  leuksemia  which  indicate  a 
return  to  the  foetal  blood-forming  function.  They  refer  particularly 
to  the  discovery  of  numerous  mitotic  figures  and  nucleated  red  cor- 
puscles. 

Bennett  likened  the  corpuscles  to  pus  cells  and  spoke  of  his  case 
as  one  of  suppuration  of  the  blood,  at  the  same  time  referring  to  the 
licemitis  of  Piorry.  Kottmann  speaks  of  the  disease  as  a  neoplasm  of 
the  blood,  while  Bard  designated  it  as  a  veritable  cancer  du  sang. 
Among  the  other  investigators  Griesinger  and  lately  Biesiadecki  have 
been  prominent.  The  first-named  writer  pointed  out  that  he  had 
actuall}^  seen  evidences  of  the  transformation  of  white  to  red  cor- 
puscles in  the  circulating  blood  and  that  changes  in  the  blood  may 
antedate  the  enlargement  of  the  spleen.  Biesiadecki  regarded 
leukaemia  as  a  form  of  retrograde  metamorphosis  of  the  blood,  the 
changes  in  the  blood-making  organs  being  the  result  of  filtration  de- 
posits comparable  to  the  deposits  in  the  same  organs  of  small  foreign 
bodies  introduced  into  the  circulation.  He  was  particularly  struck 
by  the  absence  of  amoeboid  movements  in  the  large  white  corpuscles, 
holding  this  to  be  an  evidence  of  leucocytic  degeneration.  The  most 
ardent  advocate  of  the  primary  origin  of  the  disease  in  the  blood  is 
Lowit.  He  denies  that  there  is  excessive  production  and  holds  that 
the  accumulation  of  leucocytes  is  due  to  the  slower  development  and 
destruction  of  these  cells,  and  that  the  occurrence  in  the  circulation 
of  excessive  numbers  of  mononuclear  cells  is  evidence  of  the  arrested 
development  of  the  leucocytes.  While  there  is  some  justification  for 
the  view  that  the  cycle  of  development  of  the  leucocytes  is  altered  in 
leukaemia,  evidence  is  lacking  that  leucocytic  destruction  is  less  active 
than  in  health.  On  the  contrary,  certain  facts  point  to  increased 
though  perhaps  not  excessive  leucolysis.  The  positive  discovery  of 
mitosis  in  the  blood  and  in  the  blood-making  organs  is,  however,  the 
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most  important  fact  in  disproof  of  the  theories  of  Biesiadecki  and 
Lowit. 

Lately  a  gastrointestinal  origin  has  been  urged.  The  frequent 
occurrence  of  inflammatory  and  ulcerative  changes  in  the  gastro- 
intestinal tract  has  suggested  to  some  the  likelihood  of  infection 
occurring  from  this  source.  Others  have  maintained  the  absorption 
of  chemotactic  substances  from  the  intestines  and  the  consequent 
development  of  leucocytosis.  Yehsemeyer  in  particular  urges  the 
importance  of  digestive  disturbances,  and  believes  that  the  failure  of 
these  organs  to  convert  peptones  into  their  ultimate  products  is  an 
important  causal  factor.  In  experimental  work  upon  dogs  he  was 
able  to  produce  a  high-grade  leucocytosis  by  solutions  of  peptone,  and 
ascribes  the  failure  of  Lowit  to  obtain  similar  results  to  his  having 
used  animals  unsuited  to  the  purpose.  A  similar  position  is  taken 
by  Pawlowski.  This  observer  suggested  that  leuksemia  results  from 
circulation  of  chemotactic  substances  which  abstract  unripe  leuco- 
cytes from  the  blood-making  organs.  The  occurrence  of  mitoses  is 
explained  by  the  assumption  that  part  of  the  leucocytes  thus  ab- 
stracted complete  their  cycle  of  development  within  the  circulating 
blood. 

Despite  the  views  of  those  who  look  upon  the  disease  as  a  primary 
disorder  of  the  blood,  we  may  conclude  that  the  affection  is  primarily 
a  disorder  of  the  blood-making  organs,  the  nature  of  which,  however, 
still  remains  obscure.  In  acute  cases  the  possibility  of  infection 
cannot  be  overlooked,  though  bacteriological  studies  are  as  yet  en- 
tirely unconvincing.  In  the  slow  chronic  cases  it  is  more  difficult  to 
trace  evidences  of  infection,  though  such  is  by  no  means  impossible; 
and  in  this  connection  allusion  may  properly  be  made  to  the  difference 
between  acute  miliary  tuberculosis  and  the  chronic  forms  of  this  in- 
fection. The  resemblances  of  the  leuksemic  lesions  to  sarcoma 
are  too  striking  to  be  passed  unnoticed,  particularly  in  such  cases  as 
those  in  which  the  thymus  gland  has  been  found  much  enlarged  and 
tumor-like.  The  ameliorating  influence  of  intercurrent  infection 
upon  some  cases  is  an  additional  fact  recalling  to  v.  Limbeck  the 
influence  of  erysipelas  upon  carcinoma;  and  finally,  the  practical 
impossibility  of  distinguishing  leuksemia  from  lymphosarcomatosis 
in  some  instances  is  noteworthy.  It  is  not  improbable  that  leukaemia 
represents  a  group  of  diseases  the  brunt  of  which  falls  upon  the 
blood-making  organs,  all  disturbing  hgemogenesis  in  a  similar 
manner.  Certainly  the  character  and  course  of  some  of  the  cases, 
which  for  the  present  permit  of  no  other  classification  than  that  of 
acute  leuksemia,  present  wide  variations  from  the  features  of  the 
chronic  or  ordinary  form.     It  is  not  permissible  to  assert  positively, 
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as  some  have  doue,  that  such  cases  are  essentially  dissimilar  from 
ordinary  leukjemia,  but  it  is  justifiable  to  entertain  the  suspicion  that 
different  forms  of  disease  ali'ecting  the  blood-making  structures  may 
bring  about  clinical  manifestations  of  a  similar  character. 

The  theories  which  maintain  that  there  is  a  primary  disease  of 
the  blood  itself  cannot  stand  in  the  light  of  recent  knowledge.  So 
much  may  be  confidently  asserted. 

Symptoms. 

Leukaemia  is  essentially  a  chronic  disease,  though  occasionally 
cases  are  met  with  in  which  the  course  is  rapid  or  excessively  rapid 
(leukannia  acuta  sea  acutisslma) . 

The  onset  of  the  disease  is  generally  gradual  and  maj^  be  so  in- 
sidious that  the  earlier  symptoms  are  practicallj^  overlooked.  In 
other  cases  the  inception  of  the  disease  is  abrupt  and  violent;  or 
after  a  period  of  gradual  development  or  even  latency  sudden  and  ful- 
minating symijtoms  may  develop  and  may  give  the  disease  an  appear- 
ance of  great  acuteness. 

The  first  indication  may  be  increasing  j)allor,  but  not  rarely  this 
is  absent  for  a  long  time.  Sometimes  pain  in  the  region  of  the  spleen 
is  the  earliest  symi)t(3m,  while  in  others  the  onset  is  marked  by  the 
incidence  of  fever  of  obscure  origin.  Occasionally  hemorrhagic  mani- 
festations are  the  initial  symptoms.  A  number  of  authors  have 
referred  to  priapism  as  an  early  symptom,  and  in  several  instances 
this  has  continued  for  a  considerable  length  of  time  before  any  other 
evidence  of  disease  had  been  noted.  Subjective  or  objective  symp- 
toms may  be  wholly  wanting  and  the  first  manifestation  may  be  the 
changed  condition  of  the  blood.  In  acute  leukaemia  the  disease  may 
begin  with  rigors  or  chills,  with  elevation  of  the  temperature,  and 
with  the  general  appearances  of  an  infectious  disease.  Not  rarely 
such  cases  commence  abruptly  with  hemorrhagic  manifestations. 

The  appearance  of  the  patient  is  usually  rather  striking.  In  most 
cases  pallor  is  prominent,  but  the  skin  more  frequently  shows  a  yel- 
lowish or  ashen  color  than  the  clear  whiteness  of  ordinary  anaemia ; 
sometimes  moderate  jaundice  is  persistently  present.  In  such  cases 
the  skin  may  present  a  light  lemon-yellow  or  dusky  yellow  color  and 
the  conjunctivae  and  visible  mucous  surfaces  may  be  similarh*  dis- 
colored. Pallor,  however,  is  not  always  present,  and  it  is  a  striking 
fact  repeatedly  observed  that  some  cases  present  a  healthy  hue  of 
the  skin  despite  advanced  changes  in  the  blood.  This  combination 
with  fulness  of  the  vessels  and  the  preservation  of  strong  pulsations 
has  sometimes  led  to  the  expression  leukannic plethora. 

Specific  alterations    may   occur  in  the   skin  and   subcutaneous 
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tissues.  These  appear  in  the  form  of  small  nodular  elevations  or  as 
more  diffuse  thickening  with  a  tendency  to  ulceration.  Such  cases 
were  described  bj^  Biesiadecki,  Hochsinger  and  Schiff,  and  more 
particularly  by  Kaposi,  who  employed  the  term  lympJiodermia  per- 
niciosa.  The  case  recorded  by  the  latter  author  was  one  which  began 
with  a  diffuse  and  generalized  eczema  terminating  in  diffuse  and 
nodular  infiltration,  firm  oedematous  swelling  of  the  skin,  and 
finally  ulceration.  The  changes  in  the  blood  were  not  noted  until 
this  time.  Cases  of  this  character  have  been  recently  studied  by 
Besnier  and  Yidal. 

Eruptions  of  an  accidental  or  non-specific  character  are  not  rarely 
met  with.  Eczema  and  acne  may  occur  or,  in  more  severe  cases,  fu- 
runcles, pustules,  or  bullous  vesicles.  Considerable  pigmentation  of 
the  face,  hands,  or  flexures  of  the  joints  may  occur,  particularly  in 
instances  in  which  the  abdominal  organs  (spleen,  liver,  glands)  are 
especiallj^  involved ;  and  localized  pigmentations  due  to  ecchymoses 
are  not  unusual. 

Pruritus  may  occur  with  or  without  definite  lesions  in  the  skin. 
Sweating  may  be  little  altered  from  the  normal,  but  in  some  cases  is 
decidedly  increased  and  at  times  becomes  excessive,  especially  in  the 
later  stages  when  diarrhoea  or  hemorrhages  have  led  to  rapid  loss  of 
strength.  Drenching  night  sweats  have  been  noted  (Mosler,  Trous- 
seau, Chvostek)  and  may  occasion  misinterpretations. 

The  subcutaneous  fat  is  often  well  preserved  as  in  other  anaemic 
diseases,  although  less  commonly  so  than  in  pernicious  anaemia.  In 
the  later  stages  it  undergoes  atrophy  together  with  the  muscles  and 
other  tissues.  Subcutaneous  oedema  is  often  observed  and  is  depen- 
dent upon  the  degree  of  anaemia.  At  first  there  is  merely  slight 
pufiing  about  the  malleoli  or  beneath  the  eyes,  and  the  swelling  sub- 
sides when  the  patient  is  in  the  reclining  posture.  Subsequently 
extensive  dropsy  or  anasarca  may  occur.  Effusion  in  the  internal 
serous  sacs  is  unusual. 

Besides  the  serous  effusions  of  this  character  there  may  be  drop- 
sical swelling  dependent  upon  cardiac  weakness  and  a  form  of 
peculiar,  firm  oedema  (lymphatic  oedema  of  Bamberger)  due  to  ob- 
struction of  the  lymphatic  circulation.  Finally  local  oedema  may 
result  from  pressure  upon  venous  trunks  by  the  lymphatic  tumors. 

Eapidly  developing  subcutaneous  emphysema  was  noted  after 
death  by  Schultzen  and  Stintzing  in  a  case  which  shortly  before  death 
had  been  marked  by  a  strong  cadaverous  odor. 

Circulatory  Disturhances. — Disturbances  of  the  heart's  action  are 
frequent  and  early  symptoms  depend  upon  the  degree  of  anaemia. 
The  heart  may  habitually  beat  more  rapidly  than  normal,  but  tends 
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to  palpitate  violently  upon  slight  exertion  or  emotional  disturbance. 
The  superficial  arteries  may  i)ulsate  visibly  especially  during  attacks 
of  palpitation,  and  the  veins  of  the  neck  not  rarely  show  marked 
pulsations.  Senator  refers  to  a  case  in  which  a  centripetal  venous 
pulse  was  seen  upon  the  back  of  the  hand,  but  this  was  due  to  aortic 
regurgitation  resulting  from  acute  endocarditis. 

The  heart  is  sometimes  displaced  in  an  upward  direction  by  the 
enlargement  of  the  spleen  and  liver,  and  the  apex  beat  may  be  visible 
in  the  fourth  or  third  interspace.  Actual  cardiac  enlargement  may 
be  discoverable  by  physical  examination,  especially  upon  the  right 
side.  Anremic  murmurs  are  heard  over  the  base  or  occasionally  at 
the  apex,  and  organic  murmurs  due  to  intercurrent  endocarditis  have 
sometimes  been  discovered.  Systolic  murmurs  in  the  arteries  of  the 
neck  may  be  heard  and  confused  humming  bruits  are  frequently 
audible  in  the  veins,  x^articularly  at  the  valve  of  the  internal  jugular. 
The  pulse  is  generally  compressible,  but  often  has  a  fair  volume. 
The  rate  is  usually  somewhat  accelerated,  and  during  attacks  of  pal- 
pitation becomes  excessive. 

ffidema  has  been  referred  to.  It  is  more  frequently  dependent 
upon  the  condition  of  the  blood  than  upon  failing  circulation,  and 
rarely  becomes  extreme. 

Respiratory  Symptoms. — More  or  less  breathlessness  upon  exertion 
occurs  in  ever}-  case  in  which  the  degree  of  antemia  is  marked ;  and 
this  may  be  accompanied  by  a  slight  cough  and  mucous  expectoration. 
Attacks  of  dyspnoea  may  accompany  the  palpitations  or  may  be 
independent  of  such  when  enlargement  of  the  inti'athoracic  lymphatic 
glands  causes  pressure  upon  the  air  passages  or  the  nerve  trunks. 
Intercurrent  bronchitis,  oedema  of  the  lungs,  or  pneumonia  may  occur. 

Tlie  Lymphatic  Glands. — Enlargement  of  the  lymphatic  glands 
may  occur  before  the  changes  in  the  blood  have  become  marked,  and 
may  be  followed  by  enlargement  of  the  spleen.  On  the  other  hand, 
the  condition  of  the  blood  may  be  noted  before  splenic  or  lymphatic 
enlargement  has  become  pronounced.  The  glands  most  frequently 
affected  are  the  cervical  chains.  These  increase  more  or  less  rapidly, 
forming  elevated  flat  swellings  beneath  the  skin  or  chains  running  in 
a  longitudinal  direction.  The  submaxillary  glands  are  usually  in- 
volved at  the  same  time,  and  the  patient  complains  of  a  feeling  of 
stiffness  in  the  neck  and  the  head  is  held  firmly  in  a  fixed  position. 
The  glandular  enlargements  are  soft  in  the  earlier  stages,  but  in  the 
end  may  become  of  almost  stony  hardness.  The  skin  is  usually  easily 
movable ;  more  rarely  it  becomes  fixed,  but  e^-idences  of  inflamma- 
tory reaction  are  scarcely  ever  observed.  The  bunches  of  glands 
may  reach  the  size  of  a  fist,  though  they  are  rarely  as  large  as  those 
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seen  in  Hodgkin's  disease.  Tlie  axillary  groups  and  tliose  of  the 
groin  rank  next  in  frequency,  but  are  not  often  so  greatly  enlarged. 
Swelling  of  tlie  intrathoracic  glands  occupying  the  anterior  medias- 
tinum or  surrounding  the  bifurcation  of  the  trachea  and  bronchi  is 
not  unusual,  and  may  give  rise  to  protrusion  of  the  upper  portion  of 
the  sternum  with  considerable  dulness  on  percussion.  The  finger 
placed  in  the  suprasternal  fossa  and  pressed  deeply  into  the  chest  may 
discover  the  projecting  convexity  of  the  enlarged  glands  in  the  anterior 
mediastinum  and  similar  enlargements  may  be  detected  beneath  the 
clavicle.  Marked  symptoms  may  be  produced  in  such  cases  by  the 
pressure  exerted  upon  the  important  mediastinal  structures.  Nearly 
always  w^hen  the  glands  have  undergone  notable  enlargement  there  is 
difficulty  in  respiration,  causing  stridulous  inspiratory  efforts  with 
recession  of  the  suprasternal  fossa,  of  the  intercostal  tissues,  and  of 
the  epigastrium ;  and  auscultation  may  determine  that  the  air  enters 
one  or  both  lungs  with  great  difficulty.  Pressure  upon  the  veins  may 
give  rise  to  cyanosis  or  localized  oedema;  difficulty  in  swallowing  is 
noted  when  the  glands  of  the  posterior  mediastinum  press  upon  the 
oesophagus;  while  attacks  of  palpitation  and  of  extreme  dyspnoea 
denote  compression  of  the  vagus.  Hoarseness  or  aphonia  may  re- 
sult from  palsy  of  the  vocal  cords  dependent  upon  compression  of 
the  inferior  laryngeal  nerve  and  to  a  certain  extent  from  direct  pres- 
sure upon  the  air  passages.  Persistence  and  enlargement  of  the 
thymus  gland  have  frequently  been  noted  and  sometimes  the  involve- 
ment of  this  structure  is  of  such  magnitude  as  to  constitute  a  veritable 
tumor.  In  such  cases  pressure  symptoms  are  particularly  frequent. 
Leukgemic  involvement  of  the  thyroid  is  of  occasional  occurrence. 

The  lymphatic  glands  of  the  abdomen  are  less  prone  to  enlarge- 
ment, though  the  mesenteric  and  the  retroperitoneal  groups  are 
sometimes  involved.  The  nodes  occupying  the  fissure  of  the  liver 
and  surrounding  the  bile  ducts  may  occasion  compression  of  the  latter 
with  resultant  jaundice.  In  a  few  cases  the  pelvic  lymphatics  have 
been  involved. 

The  glands  tend  to  increase  in  size  and  in  firmness.  Occasionally 
necrosis  occurs,  but  suppuration  is  extremely  rare.  Subjective 
symptoms  are  usually  absent  excepting  such  as  are  produced  by 
pressure  upon  surrounding  structures.  The  glands  themselves  are 
rarely  painful  or  even  tender.  Cases  of  pure  lymphatic  leukaemia 
have  been  recorded,  tut  in  most  instances  some  involvement  of  the 
spleen  sooner  or  later  occurs. 

The  Spleen. — The  first  e-sddence  of  the  occurrence  of  the  disease 
may  be  tenderness  in  the  splenic  region.  This  is  particularly  true 
of  cases  in  which  the  onset  has  followed  traumatism  in  this  region, 
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but  it  may  occur  withoiTt  such.  Splenic  enlargement  is  an  early 
symptom,  being  generally'  present  when  the  alterations  in  the  blood 
are  discovered  and  probably  in  most  instances  antedating  the  lat- 
ter. The  organ  varies  greatly  in  size  so  that  it  may  scarcely  pro- 
trude beneath  the  ribs ;  or,  on  the  other  hand,  may  completely  fill  the 
left  side  of  the  abdomen  from  the  pelvis  to  the  diax^hragm,  and  may 
project  prominently.  Ordinarily  it  is  easy  to  outline  the  organ  by 
palpation  and  the  notch 
may  be  plainly  felt  in  front. 
The  organ  is  smooth  and 
hard,  but  at  times  capsular 
peritonitis  causes  a  dis- 
tinctly palpable  friction  rub 
with  every  movement.  In 
a  case  reported  by  Gerhardt 
pulsation  was  discovered. 
Notable  changes  in  size  are 
often  observed  from  time 
to  time,  and  rapid  decrease 
is  especially  prone  to  occur 
after  an  attack  of  diarrhoea 
or  after  severe  hemorrhage. 
The  subsidence  of  the  symp- 
toms and  the  decrease  in 
the  size  of  the  organ  occur- 
ring during  intercurrent  af- 
fections have  already  been 
referred  to,  but  the  fluctuations  in  size  may  at  times  take  place  with- 
out demonstrable  cause. 

Symptoms  denoting  involvement  of  the  bone  marrow  msbj  become 
prominent.  The  most  frequent  condition  is  slight  tenderness  of 
the  tibiae,  spine,  or  sternum,  causing  considerable  sensitiveness  to 
pressure  or  to  blows.  In  other  cases  there  is  actual  pain  with  ex- 
quisite tenderness  in  the  regions  mentioned.  These  symptoms  may 
occur  early  in  the  disease  and  may  lead  to  the  recognition  of  the 
myelogenous  nature  of  the  case  or  they  may  pass  unnoticed  or 
develop  late  in  the  disease.  The  absence  of  pain  by  no  means  indi- 
cates absence  of  involvement  of  the  marrow. 

Gastrointestinal  Symptoms. — Marked  disturbances  of  the  gastro- 
intestinal functions  are  generally  noted  at  some  period  of  the  disease. 
In  acute  cases  the  onset  may  follow  an  attack  of  pharyngitis  or 
stomatitis,  and  small  or  large  ulcers  and  hemorrhages  in  the  mucous 
membrane  of  the  mouth  or  pharynx  may  be  noted.  In  other  cases 
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Fig.  42.— Diagram  Showing  Enlargement  of  Spleen  and 
Liver  in  Leukaemia. 
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diarrhcBa  is  tlie  first  evidence  of  the  disease;  or  this  symptom  may 
occur  during  the  course  of  the  affection,  and  may  contribute  to  in- 
creasing weakness  and  a  rapidly  fatal  issue. 

In  chronic  cases  the  patient  usually  complains  of  loss  of  appetite, 
while  the  thirst  may  be  considerablj'  increased.  Soreness ,  of  the 
mouth  may  cause  discomfort  and  the  lymphatic  glands  at  the  base 
of  the  tongue  and  the  tonsils  may  be  distinctly  enlarged  so  that  swal- 
lowing is  difficult.  Digestion  is  slow  and  regurgitation  and  eructa- 
tions are  frequent.  Tenderness  is  often  found  upon  pressure  over  the 
epigastrium  and  vomiting  may  prove  distressing.  Diarrhoea  has 
been  referred  to.  It  is  particularly  marked  in  cases  in  which  the 
solitary  follicles  and  Peyer's  patches  are  enlarged  and  ulcerated,  as 
in  the  instances  reported  by  Behier  and  subsequent  writers.  In  these 
cases  it  is  constant  and  severe,  and  leads  to  rapid  emaciation.  The 
stools  are  generally  somewhat  light  colored  and  mucus  is  frequently 
present.     Yirchow  found  leucin  and  tyrosin  abundant. 

The  Liver.  — Enlargement  of  the  liver  is  rarely  absent  in  chronic 
cases  and  usually  follows  rather  quickly  after  the  enlargement  of  the 
spleen  or  of  the  lymphatic  glands.  There  may  be  a  certain  amount 
of  tenderness,  but  there  is  rarely  pain.  The  lower  border  is  generally 
plainly  palpable  and  the  edge  is  decidedly  rounded.  The  enlargement 
of  the  spleen  and  of  the  liver  together  frequently  leads  to  enormous 
distention  of  the  abdomen.     Ascites  is  a  rare  occurrence. 

Nervous  Symptoms.— The  general  condition  of  the  patient  varies 
greatl\'.  Subjective  symptoms  may  be  entirely  wanting,  or,  on  the 
other  hand,  there  may  be  a  feeling  of  languor  or  of  general  depression 
sometimes  leading  to  constant  sadness,  moroseness,  or  even  melan- 
choly. Headache  is  very  frequently  complained  of  and  neuralgic 
symptoms  are  not  unusual. 

Severe  nervous  disturbances  sometimes  occur.  Delirium  or  even 
a  maniacal  condition  may  result  from  the  disturbed  nutrition  of  the 
brain,  while  coma  may  be  the  terminal  symptom.  The  implication 
of  peripheral  nerve  trunks  by  leuksemic  infiltration  may  lead  to  local 
palsies,  as  in  the  case  of  facial  palsy  recorded  by  May ;  and  central 
disturbances  may  be  due  to  the  growth  of  leuksemic  lymphadenomata 
within  the  skull,  as  in  a  case  of  Friedreich,  or  to  cerebral  hemor- . 
rhage. 

In  a  case  of  Eisenlohr  the  symptoms  were  those  of  bulbar  palsy, 
while  in  one  of  Bramwell  in  which  the  cerebral  vessels  were  greatly 
distended  the  manifestations  were  those  of  intense  mania. 

Spinal  symptoms  are  unusual.  Priapism  is  a  frequent  condi- 
tion, but  is  probably  due  to  thrombosis  in  the  cavernous  bodies. 
The  discovery  of  degenerations  in  the  spinal  cord,  however,  make 
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it  likely  that  spinal  symptoms  may  be  found,  if  searched  for,  in  all 
cases. 

The  temperature  is  frequently  elevated  from  time  to  time,  the 
fever  having  an  irregular  and  indefinite  character  and  rarel}-  becom- 
ing marked.  In  acute  cases  the  disease  may  manifest  itself  as  an 
essentially  febrile  affection. 

Tlie  Heiitorrhagic  Diafhesis. — A  tendency  to  hemorrhages  is  more 
or  less  marked  in  all  cases.  Nose-bleed  has  been  noted  b}^  most  ob- 
servers, and  this  laay  at  times  be  so  serious  as  to  require  mechanical 
interference.  The  extraction  of  a  tooth,  the  application  of  a  leech, 
or  trivial  incisions  upon  the  surface  may  cause  fatal  hemorrhages. 
Usually,  however,  the  tendency  is  less  marked  and  manifests  itself 
merely  in  the  occurrence  of  small  petechial  ecchymoses  upon  the 
skin,  in  localized  hemorrhagic  extravasation  in  the  muscles  or  deeper 
parts,  or  in  slight  hemorrhages  from  the  mouth,  lungs,  gastro- 
intestinal tract  or  urogenital  system,  Menorrhagia  and  metrorrhagia 
are  not  rarely  met  with  in  women,  and  in  exceptional  cases  hemor- 
rhages may  occur  in  the  brain  or  meninges. 

Urogenital  System. — The  urine  is  usualh'  pale  in  color  and  does 
not  vary  greatly  from  the  normal  quantity.  The  specific  gravity  may 
be  increased.  The  quantity  of  uric  acid  and  xanthin  bodies  is 
habitually  increased,  and  a  certain  degree  of  relationship  seems  to 
exist  between  the  quantity  of  these  substances  and  the  fluctuations  in 
the  number  of  leucocytes  (Fraenkel) .  The  relation  of  the  nitrogen  of 
uric  acid  to  the  total  nitrogen  of  the  urine  was  found  by  Bohland 
and  Schurz  to  be  1  to  9,  1  to  12,  and  1  to  24  as  compared  to  the 
normal,  1  to  20.  Peptonuria  has  been  reported,  but  the  presence 
of  true  peptone  is  very  doubtful.  Albuminuria  is  occasionallj"  pres- 
ent and  haematuria  may  occur  in  cases  in  which  the  hemorrhagic 
diathesis  is  marked. 

The  eyes  not  rarely  present  a  certain  amount  of  exophthalmus. 
This  has  been  found  to  be  due  to  lymphomatous  growths  within  the 
orbit  in  certain  cases,  and  large  lymphatic  masses  have  been  found  in 
the  eyelids  and  about  the  orbits  in  a  few  instances.  The  lacrymal 
glands  may  be  similarly  involved.  Liebreich  first  discovered  the 
occurrence  of  changes  in  the  retina,  the  so-called  retinitis  leukcemica. 
This  is  detected  in  one-third  or  one-fourth  of  all  cases  (Leber) .  The 
ophthalmoscope  reveals  marked  pallor  or  an  orange-yellow  color 
of  the  retina ;  the  veins  are  increased  in  size  and  may  be  strikingly 
tortuous,  while  their  color  is  light  red  in  comparison  with  that  of 
normal  veins.  Occasionally  a  border  of  light  color  is  seen  outside 
the  venous  walls.  The  disc  frequently  presents  a  striking  dimness, 
while  the  retina  in  general  is*  of  a  dull  color;  and  hemorrhages  are 
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frequent,  especialh-^  in  the  peripheral  parts.  Usually  these  are  more 
or  less  light  colored  with  a  zone  of  darker  red  surrounding.  Hemor- 
rhages in  the  vitreous,  lymphomatous  nodules  in  the  choroid  or  iris, 
and  cataract  have  been  reported.  The  vision  is  frequently  not  at  all 
affected,  though  there  are  marked  changes  in  the  fundus  of  -the  eye. 
On  the  other  hand,  limited  vision  may  be  one  of  the  first  symptoms 
and  the  disease  may  be  first  recognized  by  the  ophthalmologist. 
Distortion  of  the  images  or  contraction  of  the  field  of  vision  are  not 
unusual  symptoms,  and  marked  amaurosis  may  occur. 

Disturbances  of  hearing  are  infrequent.  Occasionally  sudden 
deafness  has  been  noted,  as  in  the  cases  of  Steinbriigge  and  Pepper, 
but  more  frequently  ringing  noises  or  metallic  sounds  are  complained 
of.     Vertigo  is  not  unusual. 

Menstrual  disturbances  are  sometimes  noted,  as  in  other  anaemic 
disorders,  and  occasionally  menorrhagia  becomes  troublesome  or 
dangerous.  Pregnancy  may  occur  and  may  go  on  to  completion 
without  serious  mishap,  as  was  illustrated  in  Cameron's  case,  in  which 
three  successive  pregnancies  were  recorded.  Excessive  hemorrhage 
may,  however,  attend  delivery. 

Priapism  has  already  been  alluded  to.  Cases  have  been  recorded 
in  which  it  has  lasted  for  periods  of  from  a  few  days  to  ten  weeks. 

Acute  Leukcemia. 

A  number  of  observations  have  been  reported  in  which  the  clinical 
course  of  leukaemia  was  acute.  Ebstein  in  his  dissertation  in  1889 
collected  seventeen  instances  of  this  character,  and  since  that  time 
additional  cases  have  been  reported  so  that  the  total  number  is  now 
nearly  forty.  Undoubtedly  some  of  these  cases  are  of  questionable 
character.  In  a  number  of  them  accurate  examinations  of  the  blood 
do  not  seem  to  have  been  made,  while  in  others  the  distinction  between 
leukaemia  and  leacocytosis  due  to  various  conditions  was  not  estab- 
lished, while  the  possibility  of  acute  symptoms  developing  in  a  latent 
or  unsuspected  chronic  leukaemia  has  received  little  or  no  attention 
from  authors  reporting  such  cases.  An  elaborate  consideration  of 
the  subject  with  the  report  of  ten  cases  under  his  own  observation 
was  made  in  1895  by  Fraenkel ;  and  Litten  stated  in  the  discussion 
that  he  had  seen  almost  an  equal  number  of  similar  cases,  though  he 
was  disposed  to  question  the  propriety  of  calling  cases  acute  leukemia 
when  the  duration  was  four  months,  this  being  the  limit  set  by 
Fraenkel. 

The  onset  of  these  cases  is  usually  more  or  less  abrupt,  though 
weakness  and  malaise  may  precede  the  more  decided  symptoms. 
Pain  in  the  splenic  region  and  in  the  limbs   is   sometimes   noted. 
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The  more  characteristic  symptoms,  however,  give  to  the  clinical 
history  of  these  cases  the  features  of  au  acute  aud  violent  infection. 
The  onset  may  be  marked  b}'  a  chill ;  aud  fever  of  irregular  type, 
though  of  moderate  severity',  is  usually  present.  The  lymphatic 
glands  become  enlarged  in  most  instances  and  the  spleen  as  a  rule 
presents  some  evidences  of  swelling.  This  was  noted  in  all  of  the 
cases  of  Fraeukel,  though  it  was  absent  in  three  of  the  instances  re- 
corded b\'  Ebstein.  Evidences  of  hemorrhagic  diathesis  are  rarely 
entirely  wanting  and  are  frequently  marked.  Petechial  hemorrhages 
under  the  skin  aud  bleeding  from  the  gums  sometimes  give  the  disease 
the  features  of  hemorrhagic  purpura  or  of  severe  scorbutus.  Eetinal 
hemorrhages  were  found  iu  nine  of  Fraenkel's  ten  cases. 

Hinterberger  first  called  attention  to  the  occurrence  of  ulcers  in 
the  mouth  and  other  parts  of  the  gastrointestinal  tract.  Such  lesions 
are  frequenth^  observed.  Examination  of  the  blood  shows  marked 
leucocytosis  with  a  preponderance  of  mononuclear  cells.  The  hsema- 
tological  features  are  commonly  those  of  lymphatic  leukaemia,  but 
m^'elocytes  aud  nucleated  red  corpuscles  have  been  discovered  in 
some  instances.  Fraenkel  called  particular  attention  {vide  supra)  to 
certain  moderately  large  leucocytes  with  pale  nuclei  which  he  be- 
lieved to  be  derived  from  the  lymphatic  glands.  In  two  cases  under 
my  observation  similar  forms  were  abundant,  and  I  am  disposed  to 
accept  the  explanation  given.  In  some  measure  the  condition  of  the 
blood  and  in  particular  the  abundance  of  small  mononuclear  cells  may 
be  due  to  hemorrhages. 

The  cases  run  a  rapid  course,  varying  from  three  days  (Yehse- 
meyer)  to  ten  or  twelve  days  or  more,  a  few  to  several  weeks.  The 
limit  assigned  by  Frankel  is  four  months. 

Complications. 

Leukaemia  is  liable  to  a  number  of  serious  complications.  Most 
of  these  have  already  been  alluded  to.  Among  those  which  are 
dangerous  may  be  enumerated  hemorrhages,  either  from  the  surface 
or  into  the  interior,  especially  cerebral  hemorrhages.  Among  sixty 
cases  collected  b}"  Gowers  six  presented  the  last-named  complication. 
Severe  diarrhoea  or  other  gastrointestinal  disturbances  are  liable  to 
occur  in  any  case,  but  are  more  frequent  in  stich  as  are  character- 
ized by  leukemic  lesions  of  the  gastrointestinal  tract.  Circula- 
tory disturbances  sometimes  become  marked,  particularly  oedema. 
Dropsy  of  the  serous  cavities  is  rare,  but  sometimes  leads  to  a  fatal 
issue.  Acute  endocarditis  and  acute  inflammations  of  the  other 
serous   surfaces  have  been  observed.     Hemorrhages  into  the  retina 
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and  leuksemic  retinitis  are  so  frequent  that  they  are  scarcely  to  be 
ranked  as  complications.  Reference  has  ah-eady  been  made  to  hem- 
orrhages into  the  middle  and  internal  ear,  and  to  leuksemic  infiltra- 
tions or  exudations  in  the  same  structures.  A  fatal  termination  is 
occasionally  due  to  pneumonia. 

DliGNOSIS. 

The  diagnosis  of  leukaemia  offers  a  number  of  difficulties.  The 
onset  of  the  disease  may  be  so  gradual  and  insidious  that  the  cause 
of  the  patient's  condition  may  not  be  suspected  for  a  considerable 
time.  The  enlargement  of  the  spleen,  though  it  should  always  excite 
suspicion,  may  be  taken  for  malarial  hypertrophy  or  malignant 
disease.  In  children  similar  enlargement  occurs  in  rickets  and  con- 
genital syphilis,  and  the  leuksemic  nature  of  the  disease  may  there- 
fore be  overlooked.  Finally,  it  is  practically  impossible  in  many 
instances  to  distinguish  by  the  clinical  features  alone  between  Hodg- 
kin's  disease  and  leuksemia. 

The  examination  of  the  blood,  therefore,  is  of  prime  importance. 
This  examination,  however,  in  itself  may  sometimes  fail  to  establish 
the  diagnosis,  and  it  may  be  asserted  that  the  condition  of  the  blood 
alone  and  the  occurrence  of  particular  varieties  of  leucocytes  will  not 
serve  to  establish  a  positive  diagnosis  in  all  cases.  It  is  necessary 
to  consider  the  entire  clinical  history  of  the  case,  together  with  the 
condition  of  the  blood.  Puncture  of  the  spleen  has  been  practised  in 
some  cases  for  the  removal  of  liquid  to  be  examined  microscopically. 
Charcot  crystals  have  been  detected  in  some  of  these  instances,  but 
the  fact  that  death  occurred  in  Westphal's  case  and  that  the  data 
obtained  in  this  way  are  comparatively  insignificant  makes  the 
practice  unjustifiable. 

In  the  most  frequent  form  of  the  disease,  the  lienomedullary, 
the  excessive  proportion  of  large  mononuclear  cells  and  in  particular 
of  those  known  as  myelocytes,  is  of  great  importance.  The  oc- 
currence of  large  numbers  of  nucleated  red  corpuscles,  especially 
the  large  forms  (megaloblasts) ,  undoubtedly  adds  considerable  weight 
to  the  evidence  of  myelogenic  involvement.  The  proportion  of  eosin- 
ophilic cells,  as  has  already  been  pointed  out,  may  be  greater  or  less 
than  normal  but  furnishes  no  reliable  points  for  diagnosis. 

It  is  impossible  to  establish  a  diagnosis  of  simple  myelogenous 
leukaemia,  and  it  may  be  questioned  whether  any  case  of  this  kind 
has  been  observed.  Those  of  Mosler,  Fraenkel,  and  others  have 
not  sufficed  to  decide  the  question;  and  in  any  event  clinical  ex- 
perience and  pathological  evidence  point  to  the  almost  if  not  quite 
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invariable  association  of  splenic   involvement  Avith   disease  of  the 
marrow. 

In  cases  of  pure  lymphatic  leuksemia  or  in  those  in  which  the 
Ij'mphatic  glands  are  principally  involved,  the  condition  of  the  blood 
dift'ers  materiall}^  from  that  in  the  lienomedullary  variety.  The  most 
striking  characteristic  is  the  unusual  projDortion  of  lymjihocytes,  these 
being  of  the  ordinary  variety  or  somewhat  larger  and  with  paler 
nuclei  and  almost  wholly  without  granules.  Myelocytes  and  nucleated 
red  corpuscles  may  be  present  in  small  numbers  but  are  incon- 
spicuous. 

The  distinction  between  leucocytosis  and  leukaemia  ordinarily 
presents  little  difficulty.  The  increased  number  of  leucocytes  is 
rarely  as  pronounced  in  simple  leucocytosis  as  in  leukaemia,  and  the 
older  writers  (Huss  and  others)  distinguished  the  two  conditions 
by  the  proportion  of  leucocytes  to  red  corpuscles,  holding  that  when 
the  number  of  leucocytes  increases  beyond  a  proportion  of  1  to  20  or 
40  the  disease  should  be  characterized  as  leukaemia.  Such  a  distinc- 
tion is  no  longer  entertained.  The  characteristic  feature  of  leucocy- 
tosis, as  we  at  the  present  time  understand  this  condition,  is  increase 
in  the  number  of  leucocytes,  of  more  or  less  transient  nature,  and 
usually  affecting  the  polynuclear  forms  more  than  the  mononuclear 
elements,  though  occasionally  the  various  elements  of  the  blood  in- 
crease in  equal  ratio.  In  exceptional  cases,  as  in  post-hemorrhagic 
and  terminal  leucocytosis,  the  mononuclear  forms  predominate,  but 
in  such  cases  the  smallest  lymphocytes  are  particularly  abundant. 
The  high  grade  of  auEemia,  the  extreme  smallness  of  the  lymphocytes, 
the  presence  of  small  nucleated  red  corpuscles,  and  the  absence  of 
organic  lesions  indicative  of  leukaemia  distinguish  such  cases  from 
lymphatic  leukaemia.  In  leukaemia  as  distinguished  from  most  forms 
of  leucocytosis  the  preponderance  of  the  mononuclear  elements  is  al- 
ways striking,  the  small  forms  predominating  in  lymphatic  cases,  the 
large  forms  in  the  lienomedullary  type.  The  discovery  of  cells  pre- 
senting karyokinetic  figures  is  of  some  importance  in  making  a  diag- 
nosis, though  we  cannot  attribute  the  significance  to  this  that  was 
claimed  for  it  by  Mliller.  The  study  of  the  amoeboid  movements 
upon  which  Mliller  and  Rieder  have  laid  so  much  stress  seems  to  af- 
ford little  aid  additional  to  that  obtained  by  a  differential  count  of 
the  forms  of  leucocytes. 

The  diagnosis  of  leukaemia  in  early  childhood  is  attended  with 
special  difficulties.  Von  Jaksch  has  described  a  grouj)  of  cases 
marked  by  decided  leucocytosis,  enlargement  of  the  spleen  and  liver, 
and  other  features  resembling  leukaemia,  but  tending  to  a  favorable 
outcome.     This  condition,  to  which  he  has  given  the  name  "  anaemia 
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infantum  pseudoleukgemica, "  presents  unusual  difficulties  for  diag- 
nosis. The  differential  diagnosis  will  be  more  fully  considered 
in  tlie  section  dealing  witli  this  affection. 

At  times  in  the  course  of  leukaemia  the  improvement  in  the  general 
symptoms,  the  subsidence  of  the  leuksemic  enlargements,  and  the  dis- 
appearance of  leucocy  tosis  may  be  so  complete  that  the  diagnosis  could 
scarcely  be  made  should  the  case  come  under  observation  at  such  a 
time.  In  a  short  time  a  relapse  may  reestablish  the  former  condi- 
tions. Osier  and  Thayer  observed  an  instance  of  this  kind  and  par- 
ticularly directed  attention  to  the  difficulty  of  diagnosis  during  the 
remission.  The  persistence  of  a  considerable  percentage  of  mye- 
locytes in  the  blood  was  the  only  suggestive  feature  remaining.  Even 
this  sign,  however,  may  disappear,  and  the  occurrence  of  small  num- 
bers of  myelocytes  is  too  uncertain  to  warrant  a  positive  diagnosis, 
so  that  it  is  practically  impossible  to  establish  the  existence  of  the 
disease  under  such  conditions. 

In  cases  in  which  the  abdominal  lymphatic  glands  and  the  spleen 
are  mainly  involved,  there  may  be  a  certain  resemblance  to  typhoid 
fever  in  the  abdominal  distention,  splenic  tumor,  diarrhoea,  and  fever ; 
but  the  irregularity  of  the  latter  and  the  atypical  onset  and  course  of 
the  disease  soon  arouse  suspicion,  and  the  blood  examination,  which 
should  always  be  made  in  cases  of  enlargement  of  the  spleen  if  not 
in  every  patient,  readily  establishes  the  diagnosis. 

Leuksemic  disease  of  the  skin  may  be  unrecognized  and  may  pass 
for  ordinary  prurigo,  eczema,  or  other  dermatosis.  The  prurigo 
associated  with  leukaemia  differs  from  the  ordinary  form  in  its  oc- 
currence at  any  age  instead  of  in  the  young,  in  the  wide-spread 
character  of  the  eruption,  and  in  the  fact  that  the  glands  are  involved 
at  the  same  time  as  the  skin  or  even  before  the  latter. 

Cases  of  acute  leiikcemia  are  easily  mistaken  for  purpura  or  scor- 
butus, and  the  diagnosis  must  rest  upon  the  examination  of  the  blood. 
Even  in  chronic  cases,  as  in  that  of  Sigel,  the  onset  may  be  marked  by 
hemorrhagic  manifestations  giving  the  appearance  of  purpura. 

Acute  leukaemia  may  occasion  symptoms  very  like  those  of  acute 
osteomyelitis  (fever,  bone  pains,  moderate  enlargement  of  the  spleen, 
leucocy  tosis).  The  distinction  is  usually  made  with  ease.  Acute 
leukaemia  is  characterized  by  a  greater  tendency  to  hemorrhages,  with 
less  pronounced  bone  pains  and  greater  leucocytosis.  Moreover,  the 
character  of  the  leucocytes  is  quite  at  variance  from  that  seen  in  osteo- 
myelitis, the  latter  disease  being  usually,  though  not  always,  marked 
by  a  preponderance  of  polymorphous  elements. 


LEUKEMIA.  441 


Prognosis. 


Leuksemia  is  almost  invariably  a  fatal  disease ;  instances  of  re- 
covery have  been  recorded.  The  course  is  usually  a  chronic  one 
and  life  ma}'  continue  for  five  or  even  eight  years  after  the  disease 
has  been  recognized.  The  average  duration,  however,  after  the  symp- 
toms have  become  established  is  from  one  to  three  years.  Inter- 
current diseases  may  influence  the  disease  unfavorably,  but,  on  the 
other  hand,  the  favorable  effect  of  certain  infections  (typhoid  fever, 
tuberculosis,  and  other  diseases)  is  undoubted.  Excessive  hemor- 
rhages, intractable  diarrhoea,  failing  circulation,  and  fever  may  con- 
tribute to  the  increasing  weakness  of  the  patient,  and  death  usually 
occurs  from  advancing  anaemia  and  general  adynamia.  Eapid  death 
may  be  due  to  pneumonia,  hemorrhages,  rupture  of  the  spleen  and 
peritonitis,  rupture  of  the  suprarenal  capsules  (Fleischer  and  Peu- 
zoldt),  or  cerebral  hemorrhage. 

As  a  rule  the  lymphatic  form  is  more  rapid  than  the  lieno- 
meduUary  type,  but  no  invariable  rule  can  be  established. 

Treatment. 

Treatment  offers  but  little  prospect  of  permanent  relief,  though 
a  notable  amelioration  of  the  symptoms  may  be  secured  and  a  pro- 
longation of  life  with  considerable  temporary  improvement  may  fol- 
low judicious  care  and  medication.  The  patient  should  be  placed 
under  the  best  possible  surroundings,  all  causes  of  grief  and  anxiety 
being  removed,  and,  if  possible,  all  attempt  to  continue  his  accus- 
tomed occupation  should  be  given  up.  Removal  to  a  different 
climate  and  especially  to  greater  elevations  sometimes  influences  the 
course  favorably,  while  in  other  cases  sea  air  is  beneficial.  The  diet 
should  be  strictly  regulated.  Easily  assimilable  foods,  especially 
carbohydrates  and  fats,  should  be  given;  and  care  should  always  be 
taken  in  the  diet  and  medication  that  gastrointestinal  disturbances 
are  not  excited,  as  diarrhoea  is  one  of  the  most  frequent  causes  of  un- 
favorable progress  of  the  disease. 

Among  the  remedies  advocated  in  the  treatment  of  leukaemia 
arsenic  alone  has  decided  merit.  This  may  be  administered  in  the 
form  of  Fowler's  solution,  well  diluted,  and  the  dose  should  be  in- 
creased as  far  as  the  gastrointestinal  tolerance  or  the  general  condi- 
tion will  permit.  It  is  sometimes  advantageous  to  administer  the 
remedy  hypodermically.  Fowler's  solution  diluted  with  an  equal 
quantity  of  water  may  be  used  in  such  cases,  or  arsenate  of  sodium  in 
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dilute  solution  may  be  even  less  irritating.  Ordinarily  from  five  to 
seven  drops  are  well  borne  at  first,  but  the  quantity  may  be  increased 
rapidly  to  twenty,  thirty,  or  more  drops  three  times  daily.  When 
improvement  has  begun  to  manifest  itself  in  the  decreased  number 
of  leucocytes  and  a  subsidence  of  the  splenic  or  lymphatic  tumors,  the 
dose  of  arsenic  should  be  somewhat  decreased.  In  all  cases  in  which 
a  beneficial  effect  is  observed  the  remedy  must  be  given  without  ces- 
sation except  when  toxic  symptoms  manifest  themselves.  Injection 
of  arsenic  into  the  spleen  or  glands  (parenchymatous  injection)  has 
been  practised,  but  offers  no  special  advantages  and  is  not  free  of 
danger. 

Quinine  has  sometimes  appeared  to  be  of  benefit  in  cases  in  which 
a  malarial  history  has  been  obtained.  Mosler  recommended  large 
and  continuous  doses  of  quinine,  followed  by  oil  of  eucalyptus  and 
piperine  in  such  cases. 

Local  treatment  directed  to  the  spleen  and  to  the  lymphatic  glands 
is  sometimes  of  advantage  in  relieving  the  pain  or  discomfort,  but 
has  little  value  in  controlling  the  disease.  Cold  douches  or  cold  ap- 
plications may  be  made  directly  over  the  splenic  region  and  may 
be  useful  in  the  early  stages,  when  the  spleen  is  mainly  congested. 
Injections  of  ergotin  may  be  used  in  the  same  stages  and  have  some- 
times appeared  to  be  of  advantage.  Faradization  or  galvanization  over 
the  splenic  region  has  been  practised ;  and  actual  galvano-puncture 
of  the  spleen  has  been  performed  by  Salkowski  and  Leyden.  It  is 
doubtful,  however,  whether  any  of  these  measures  have  notable  in- 
fluence upon  the  course  of  the  disease.  The  feeling  of  weight  and 
pressure  in  the  left  hypocliondriurn  may  sometimes  be  satisfactorily 
controlled  by  the  application  of  a  well-fitting  flannel  binder. 

Removal  of  the  spleen  or  splenectomy  has  been  performed  in 
upwards  of  twenty  cases,  but  with  the  exception  of  that  reported 
by  Franzolini,  always  with  a  fatal  issue.  Of  the  eighteen  cases 
collected  by  Biziel  rapid  death  occurred  in  sixteen  from  hemorrhage 
and  in  the  other  two  from  shock.  In  the  successful  case  of  Franzolini 
the  proportion  of  leucocytes  to  red  blood  corpuscles  was  1  to  74  and 
the  diagnosis  seems  not  altogether  certain.  Even  should  the  opera- 
tion be  successfully  performed  it  is  doubtful  whether  any  other  than 
a  temporary  and  ameliorating  effect  would  follow,  as  in  all  proba- 
bility the  primary  disease  rarely  resides  in  the  spleen. 

The  transfusion  of  blood  or  the  injection  of  defibrinated  ox  blood 
into  the  lower  bowel  was  formerly  recommended,  but  is  of  little 
value.  It  may  exercise  a  temporary  effect,  but  certainly  has  no  per- 
manent influence. 

Inhalations  of  oxygen  may  sometimes  prove  useful.     Kirnberger 
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asserts  that  lie  has  seeu  recovery  iu  a  lud  treated  in  this  manner, 
while  Sticker,  Da  Costa,  and  others  have  claimed  excellent  results. 
Kahler,  Scliultze,  Stintzing,  and  others  could  find  no  effect  at  all. 
In  one  case  under  my  own  observation  the  effect  was  entirely 
negative. 

The  recent  development  of  organotherapy  has  led  to  the  employ- 
ment of  bone-marrow,  splenic  and  other  organic  extracts  in  the  treat- 
ment of  leukaemia.  In  a  few  cases  the  administration  of  bone  marrow 
has  been  reported  to  be  useful.  Theoretical  considerations  would 
scarcely  lead  us  to  expect  favorable  results  from  this  method  of  treat- 
ment, and  the  whole  question  is  entirely  too  unsettled  to  warrant  an 
expression  of  opinion.  The  splenic  extracts  are  apparently  of  no  use 
at;  all.  The  general  condition  of  the  patient,  and  in  particular  the 
anaemia,  makes  the  administration  of  tonics  such  as  iron,  cinchona, 
or  nux  vomica  advisable.  Iron  has  been  frequently  employed;  in  or- 
dinary cases  Blaud's  pills  or  the  tincture  may  be  used,  but  the  iodide 
seems  to  have  somewhat  greater  effect  in  cachectic  individuals. 

The  various  symptoms  call  for  special  treatment.  Disturbances 
of  the  stomach  may  sometimes  require  sedatives,  such  as  bismuth  or 
cocaine,  or  the  bitters,  such  as  gentian  and  nux  vomica,  when  the  ap- 
petite is  poor  and  digestion  sluggish.  In  cases  in  which  constipation 
is  marked  the  sulphate  of  berberin  in  doses  of  five  to  fifteen  grains 
is  a  useful  stomachic  and  laxative,  but  must  not  be  pushed  to  the 
point  of  causing  diarrhoea.  Diarrhoea  must  always  be  treated 
promptly.  Bismuth  and  creosote  may  be  useful  and  intestinal  lavage 
with  astringent  antiseptic  solutions  may  be  practised  with  advantage. 

Hodgkin's  Disease. 

Synonyms. — Pseudoleuksemia  (Cohnheim) ;  Adenie  (Trousseau); 
Anaemia  seu  cachexia  lymphatica  et  lienalis;  Lymphatic  anaemia 
(Wilks) ;  Lymphosarcom  (Virchow) ;  Malignes  Lymphom  (Billroth) ; 
Maligues  aleukamisches  Lymphadenom  (Orth);  Lympadenie  (Kau- 
vier) ;  Desmoidcarcinom  (Schulz) ;  Lymphatic  cachexia  (Mursick) ; 
Cachexie  sans  leucemie  (Bonfils);  Adenoid  disease  (Southey) ;  Anae- 
mia splenica  (Griesinger,  Striimpell). 

Definition. 

Hodgkin's  disease  is  a  progressive  and  generally  chronic  anaemic 
disorder  marked  by  enlargement  of  the  lymphatic  glands,  of  the 
spleen,  or  both,  and  with  frequent  involvement  of  the  other  lymphatic 
structures.     An  accurate  and  reliable  definition  of  this  disease  cannot 
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be  given  at  tlie  present  time.  A  study  of  tlie  literature  reveals  a 
striking  variability  in  the  clinical  course  of  the  cases  recorded, 
and  undoubtedly  very  many  different  affections  have  been  described 
under  this  name.  The  enlargement  of  the  lymphatic  glands  and 
spleen  and  the  anaemia  which  are  characteristic  of  all  cases  are  in- 
sufficient to  establish  and  define  a  single  form  of  disease,  as  these 
conditions  are  met  with  in  a  multitude  of  affections.  Cases  of  tuber- 
culosis, of  inflammatory  enlargement  of  the  glands,  of  syphilis,  of 
malignant  tumors,  and  of  other  diseases  figure  among  the  conditions 
which  have  been  considered  as  instances  of  Hodgkin's  disease  dur- 
ing life  and  even  post  mortem. 

HiSTOEr. 

Cases  of  enlargement  of  the  lymphatic  glands  with  more  or  less 
anaemia  were  observed  and  described  by  a  number  of  the  older 
authors,  but  the  first  accurate  description  of  the  disease  was  that  of 
Hodgkin,  who  reported  a  series  of  cases  from  Guy's  Hospital  in  1832. 
Subsequently  other  physicians  of  the  same  hospital  recorded  cases 
and  added  to  the  more  general  recognition  of  the  disease.  Wilks  in 
1865  described  a  number  of  cases  and  spoke  of  the  affection  by  the 
name  of  Hodgkin's  disease.  Cohnheim  in  1857  studied  the  lesions 
and  pointed  out  the  similarity  of  the  latter  with  those  seen  in 
leuksemia  as  well  as  the  essential  feature  distinguishing  it  from 
leukaemia,  the  absence  of  leucocytosis,  and  applied  the  term  pseudo- 
leukaemia.  The  enlargement  of  the  glands  had  previously  been 
studied  and  described  by  Virchow,  and  the  name  lymphosarcoma 
was  used  by  this  author.  A  distinction  between  true  sarcoma  or 
lymphosarcoma  and  the  enlargement  of  the  glands  characteristic  of 
Hodgkin's  disease  was  maintained  by  Billroth,  who  introduced  the 
term  malignant  lymphoma  to  indicate  the  glandular  enlargements  of 
Hodgkin's  disease. 

Bonfils,  Trousseau,  and  after  him  the  French  writers  generally, 
dwelt  more  particularly  upon  the  organic  lesions  and  held  that 
Hodgkin's  disease  and  leukaemia  are  essentially  similar  diseases, 
applying  the  term  adenie  to  indicate  the  common  glandular  affection. 
The  existence  of  a  form  of  splenic  Hodgkin's  disease  was  recognized 
by  Wilks,  Griesinger,  Woillez,  Miiller,  Landouzy,  Striimpell,  and 
more  recently  by  Banti,  Potain,  Debove,  and  Bruhl.  This  form  has 
been  variously  designated  cachexia  lienalis,  anaemia  splenica,  spleno- 
megalie  primitive,  and  splenic  anaemia.  Fede,  Pepper,  Wood, 
Cohnheim,  Zenker,  Hayem,  and  Luzet  refer  to  lesions  of  the  bone 
marrow,  though  in  some  of  these  cases  pernicious  anaemia  was  un- 
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doubtedly  the  disease  under  observation.  Demange  and  Gilly  de- 
scribed a  form  of  the  disease  affecting  the  tonsils  and  the  intestinal 
lymphoid  tissue;  while  Trelat,  Monod,  audTerrillon  maintain  the  oc- 
currence of  a  testicular  form,  and  dermal  i:)seudo-leuk?emia  has  been 
described  by  Gillot,  Vidal,  Brocq,  Wagner,  and  Joseph. 

Etiology. 

The  causes  of  pseudoleukaemia  are  extremely  obscure,  in  large 
part  on  account  of  the  difficulty  of  distinguishing  the  cases  which 
l)roperl3^  belong  in  this  category.  As  in  the  case  of  leukaemia,  certain 
general  diseases  have  been  supposed  to  exercise  an  influence  in  deter- 
mining the  occurrence  of  Hodgkin's  disease.  Among  these  malaria, 
sj'philis,  scrofula,  rickets,  and  chronic  diarrhoea  are  usually  specified, 
but  it  is  difficult  to  determine  with  what  frequency  these  influences 
are  operative  and  to  what  degree  the  supposed  relationship  is  depen- 
dent uxDon  incorrect  diagnoses. 

Surrounding  conditions  seem  to  exercise  a  certain  influence  and 
the  disease  is  probably  more  frequent  in  the  lower  classes.  Chronic 
alcoholism  has  been  regarded  as  a  contributing  cause. 

The  disease  affects  males  more  frequently  than  females  and  is  more 
common  in  the  j'oung  than  in  the  old.  According  to  Gowers  it  is 
most  frequent  between  the  twentieth  and  thirtieth  years  and  between 
the  fiftieth  and  sixtieth,  while  Osier  states  that  sixty  per  cent,  of  the 
cases  occur  in  persons  under  forty  j'ears.  It  is  not  unusual  in  early 
infancy  and  childhood,  though  the  diagnosis  is  particularly  difficult 
in  children,  and  other  conditions  are  frequently  called  Hodgkin's 
disease. 

It  is  met  with  in  all  parts  of  the  world  and  probably  with  about 
equal  frequency  in  different  places.  Eichhorst  states  that  while  he 
found  leukaemia  more  frequently  in  Konigsberg  and  in  Gottingen 
than  in  Zurich,  the  reverse  was  true  of  pseudoleukaemia.  The  affec- 
tion is  not  confined  to  the  human  race  but  has  been  described  in  ani- 
mals, notably  horses. 

Sometimes  Hodgkin's  disease  has  been  found  to  follow  certain 
local  diseases,  such  as  otorrhoea  and  coryza  (Trousseau),  quinsy 
(Ponfick),  and  ulcerative  pharyngitis  (Chvostek).  I  have  myself  ob- 
served one  case  in  which  primary  enlargement  of  the  glands  of  the 
neck  and  secondary  involvement  of  the  entire  lymphatic  apparatus 
with  cachexia  followed  caries  of  the  teeth  and  necrosis  of  the  lower 
jaw. 

Infection. — The  clinical  course  of  the  disease  and  in  particular  the 
occurrence  of  fever  of  irregular  but  more  or  less  recurring  type,  and 


446  STENGEL— DISEASES   OF   THE    BLOOD. 

the  peculiarly  raj^id  aud  malignant  course  of  some  of  the  acute  cases, 
suggest  tlie  likeliliood  of  infection.  Tlie  same  tliouglit  is  brought  to 
the  mind  by  the  pathological  anatomy,  as  Virchow  first  pointed  out, 
and  especially  by  the  metastatic  character  of  some  of  the  lesions. 
Finally  a  number  of  observers  have  found  definite  micro-organisms. 
Majocci  and  Piccini  found  mixed  infection  \vith  bacilli  and  strepto- 
cocci, Klein  demonstrated  the  presence  of  micrococci,  and  Mafucci 
found  streptococci  in  the  enlarged  glands.  Eoux  and  Lannois  dis- 
covered the  Staphylococcus  pyogenes  aureus  and  were  able  to  produce 
glandular  enlargements  in  animals  by  injection  of  cultures  from  the 
blood  and  glands  of  their  patient.  Delbet  isolated  a  bacillus  from 
the  spleen  and,  injecting  this  into  clogs,  j^roduced  glandular  enlarge- 
ments. 

A  complete  review  of  the  literature  by  Yerdelli  showed  that 
there  have  been  recorded  some  twenty-nine  cases  in  which  positive 
results  have  been  obtained  from  the  bacteriological  studies.  Against 
these,  however,  may  be  urged  the  fact  that  Westphal  was  unable  to  find 
micro-organisms  of  any  kind,  and  the  more  important  objection  that 
the  mere  discovery  of  micro-organisms  in  no  way  proves  the  infectious 
nature  of  a  disease.  Recent  studies  in  bacteriology,  such  as  those  of 
Flexner  and  others,  show  the  great  frequency  of  terminal  infection  in 
various  diseases,  and  I  can  substantiate  this  from  my  own  limited  ex- 
perience in  twenty-five  or  more  cases.  In  each  of  these  some  form  of 
bacteria  was  found  in  the  blood,  spleen,  or  other  tissues.  It  is  alto- 
gether likely,  therefore,  that  the  micro-organisms  found  in  cases  of 
pseudoleuksemia  have  been  largely  of  the  same  significance.  The 
fact  that  certain  investigators  were  able  to  demonstrate  glandular 
enlargements  after  injection  of  their  cultures  is  no  more  sui-prising 
than  the  discovery  of  the  micro-organisms  themselves.  These  en- 
largements occur  in  a  great  variety  of  infections  and  are  of  no  partic- 
ular significance.  Considerable  interest  attaches  in  this  connection 
to  the  report  of  Gabbi  and  Barbacci,  who  found  the  bacillus  coli  com- 
munis in  the  glands.  In  this  case  there  was  almost  certainly  an  acci- 
dental infection. 

A  number  of  investigators  have  discovered  tubercle  bacilli.  This 
is  undoubtedly  of  greater  significance,  as  accidental  infection  with 
this  micro-organism  is  decidedly  less  likely  to  occur  than  with  the 
ordinary  cocci.  Askanazy  (1888)  was  the  first  to  demonstrate  tuber- 
cle bacilli  in  the  glands.  Subsequently  cases  have  been  recorded  by 
"Wetzoldt,  Brentano  and  Tangl,  Weishaupt  and  Conbemale.  It  is  not 
unlikely  that  general  lymphatic  tuberculosis  may  present  clinical 
features  indistinguishable  from  pseudoleukaemia,  and  it  may  be  that 
the  diseased  gland  is  a  locus  minoris  resistentice  in  which  the  tubercle 
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bacillus  may  secondarily  find  a  favorable  soil.  It  is  quite  certain, 
however,  that  this  bacillus  is  not  concerned  iu  the  great  majority  of 
cases,  iuid  the  iuclusiou  of  the  cases  of  primary'  lymphatic  tu- 
berculosis, if  such  these  cases  be,  in  the  group  of  Hodgkin's 
disease  is  an  evidence  of  the  indefiniteness  of  the  limitations  thus 
far  established. 

Pseudoleuka3mia  and  leukaemia  are  undoubtedly  closel^^  allied 
diseases.  The  similarity  iu  the  pathological  anatomy  was  first 
recognized  by  Cohnheim  after  Yirchow  had  described  the  glandular 
lesions  of  leukaemia;  and  Bonfils  and  Trousseau  with  subsequent 
French  writers,  used  the  term  adenie  to  indicate  the  essential  unity 
of  the  morbid  changes  in  the  two  diseases.  The  most  striking  evi- 
dence, however,  of  the  close  relationship  of  these  affections  is  the 
occurrence  of  leukciemia  as  a  terminal  condition  following  Hodgkin's 
disease.  Cohnheim  and  other  German  writers  have  therefore  desig- 
nated the  latter  condition  as  the  aleukaemic  forerunner  (  Vorstadium) 
of  leukaemia.  Among  those  who  have  recorded  instances  of  trans- 
formation of  x^seudoleuksemia  into  leukaemia  are  Biermer,  Olivier, 
Vidal,  Laache,  Crocq,  v.  Limbeck,  Fleischer  and  Penzoldt,  Eendu, 
Mosler,  Senator,  and  "Westphal.  In  some  of  these  cases  terminal 
leukocytosis  may  have  been  mistaken  for  leukaemia,  but  it  is  undoubt- 
edly true  that  an  actual  transformation  may  occur.  The  infrequency 
of  this  occurrence  may  be  due  to  the  fact  that  termination  of  the  dis- 
ease by  intercurrent  affections  takes  place  before  the  transformation 
has  had  time  to  manifest  itself.  It  is  more  likelj^  however,  that 
many  cases  are  of  such  nature  that  a  conversion  into  leukEemia  will 
not  occur  under  any  circumstances.  Unfortunateh',  there  is  nothing 
to  indicate  the  nature  of  the  underlying  condition  which  leads  to  this 
distinction. 

Pathological  Anatomy. 

In  general  the  anatomical  features  of  Hodgkin's  disease  resemble 
those  of  leukaemia  so  closely  that  it  may  be  impossible  to  distinguish 
between  the  two  affections.  The  Ij^mphatic  glands  are  primarily 
involved  iu  the  majority  of  instances,  although  occasionally  primary 
implication  of  the  spleen  occurs  and  possibly  the  bone  marrow  may 
be  the  initial  seat  in  other  instances,  though  this  has  not  yet  been 
definitely  determined.  Dermal  leukaemia  and  gastrointestinal  forms 
may  also  be  distinguished.  Secondarj-  infiltrations  or  nodular  lym- 
phomata  are  observed  in  the  liver,  the  kidneys,  the  mucous  mem- 
branes, the  heart,  the  lungs,  and  other  sti'uctures. 

The  Li/mphatic  Glands. — The  lymph  glands  are  usually  aff'ected 
in  groujjs.     A  single  gland  may  be  first  enlarged  or  the  entire  group 
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may  be  involved  simultaneously.  Eventually  bunches  or  chains  of 
much  enlarged  glands  are  formed  and  may  constitute  tumors  of  con- 
siderable size,  projecting  upon  the  surface  in  the  case  of  superficial 
groups  or  causing  pressure  symptoms  or  palpable  masses  in  the  case 
of  the  internal  glands.  The  pathologists  have  distinguished  two 
forms,  the  soft  and  hard  but  there  is  no  essential,  difference  between 
the  two  and  in  reality  they  represent  only  stages  in  the  same  affec- 
tion. In  the  earlier  periods  the  glands  are  soft  and  on  microscopic 
examination  are  found  to  consist  of  masses  of  round  cells  embedded 
in  the  lymphatic  tissue.  In  the  later  stages  proliferative  changes 
affecting  the  connective-tissue  stroma  and  the  vascular  walls  become 
more  and  more  marked,  and  in  proportion  to  the  degree  of  this  change 
the  consistence  of  the  glands  increases  until  in  some  instances  they 
become  stony  hard.  In  typical  examples  the  process  does  not  tend 
to  spread  beyond  the  limits  of  the  gland,  but  sometimes  the  capsule  is 
penetrated  and  periglandular  proliferation  ensues.  Billroth  sought 
to  distinguish  between  lymphosarcoma  and  Hodgkin's  disease  or 
malignant  lymphoma,  as  he  termed  it,  according  as  the  shape  of  the 
gland  and  the  capsule  remained  preserved  or  proliferation  occurred 
externally.  This  distinction,  however,  cannot  well  be  maintained. 
In  the  great  majority  of  cases  the  glandular  disease  remains  limited 
within  the  capsule,  but  in  other  cases  (cases  in  no  way  distinguishable 
from  the  former)  periglandular  involvement  does  occur.  Degenera- 
tive changes  may  ensue  from  pressure  or  from  secondary  infection. 
These  small  areas  of  necrosis  are  not  unusual,  and  complete  soften- 
ing or  caseation  is  sometimes  seen;  but  actual  suppuration  depen- 
dent upon  secondary  infection  with  micrococci  is  rare.  Amyloid 
degeneration  of  the  blood-vessels  or  of  the  connective  tissues  is  occa- 
sionally witnessed.  The  tumors  may  have  a  greenish  discoloration, 
corresponding  to  the  form  of  sarcoma  termed  chloroma. 

Enlargement  of  the  spleen  is  very  frequent,  having  been  present 
in  seventy-five  per  cent,  of  Gowers'  series  of  cases.  The  enlargement 
may  be  uniform  or  there  may  be  distinct  nodular  lymphomata,  the 
latter  occurring  in  fifty-six  per  cent,  of  the  same  series.  The  organ 
is  primarily  soft,  but  soon  increases  in  density  and  in  the  end  may 
become  quite  hard.  On  section  the  color  is  dark  red  with  scattered 
areas  of  light  color  or  distinct  nodules  composed  of  round  cells  em- 
bedded in  a  lymphadenoid  network.  The  size  is  rarely  as  great  as 
in  cases  of  leukaemia,  but  instances  in  which  the  organ  has  practically 
filled  the  left  side  of  the  abdomen  have  been  recorded  and  the  weight 
may  be  from  five  to  ten  or  more  times  the  normal.  The  changes  in 
the  bone  marrow  are  practically  the  same  as  those  met  with  in 
leukaemia,  though  they  are  rarely  as  pronounced.     Enlargement  of 
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the  tli.ymus  gland  and  involvement  of  the  thj'^roid  body  have  been  fre- 
quently reported. 

Involvement  of  the  liver  and  of  the  kidneys  is  met  with  as  in 
leukaemia,  though  the  liver  is  rarely  as  much  enlarged  and  the  lym- 
phomatous  infiltration  of  either  of  these  sti'uctures  is  not  so  pro- 
nounced as  in  that  disease.  Amyloid  degeneration  may  occur  in  the 
liver  and  kidneys  as  well  as  in  the  intestinal  tract  and  may  influence 
the  clinical  course  of  the  disease. 

Lymphomatous  nodules  in  the  gastrointestinal  tract  have  been 
frequently  described.  In  many  cases  the  tonsils  are  enlarged  simul- 
taneously with  the  swelling  of  the  superficial  glands ;  while  in  rarer 
instances  nodules  may  be  found  in  the  mucosa  of  the  stomach  or  in- 
testines. It  is  not  unlikely  that  cases  of  primary  gastrointestinal 
X3seudoleukiemia  may  occur,  though  such  instances  are  rare.  The 
literature  contains  a  few  instances  of  jjrimarj^  lymphoma  of  the  stom- 
ach in  which  the  tumor  reached  considerable  size. 

The  lungs  may  be  secondarily  involved  after  the  enlargement  of 
the  bronchial  glands,  or  in  consequence  of  extension  of  nodules  from 
the  bronchial  tubes.  Usually  the  changes  are  slight,  though  occa- 
sionally the  infiltration  is  decided. 

Dermal  pseudoleuksemia  i^resents  itself  in  the  form  of  more  or  less 
diffuse  or  nodular  elevations  in  the  skin  which  tend  to  ulcerate  upon 
the  surface.  This  condition,  described  by  Alibert  under  the  name  of 
mycosis  fungoides,  has  subsequently  been  particularly  studied  in  its 
relations  with  Hodgkin's  disease  by  Vidal,  Brocq,  and  others. 
Wagner  and  Joseph  reported  cases  in  which  the  lesions  were  closely 
allied  with  prurigo,  though  differing  in  some  particulars,  and  Keck- 
linghausen  includes  the  indefinite  condition  known  as  lichen  ruber 
acuminatus  as  probably  a  form  of  leukfemia  or  pseudoleukaemia  of 
the  skin.  The  histological  features  of  all  of  these  conditions  are 
essentially  those  met  with  in  the  lymphatic  structures ;  and  cachexia 
is  prone  to  occur  in  all  of  them.  Nevertheless  it  is  questionable 
whether  the  classification  of  these  conditions  as  pseudoleukaemia 
cutis  is  justifiable. 

Occasional  involvement  of  other  portions  of  the  body,  such  as 
the  heart,  the  serous  surface,  the  testicles  and  other  genital  organs, 
the  nervous  system,  or  the  suprarenal  capsules  has  been  observed. 

Tlie  Blood. — The  blood  of  pseudoleukaemia  is  distinguished  by 
the  absence  rather  than  the  presence  of  alterations  from  the  normal. 
In  most  cases  the  number  of  red  corpuscles  is  decreased,  though  this 
decrease  is  frequently  slight.  In  severe  cases  reduction  to  2,000,000 
or  even  1,000,000  may  occur,  and  the  individual  red  corpuscles  may 
show  alterations  in  their  shape  and  size  such  as  occur  in  other  forms 
Vol.  VII.— 29 
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of  severe  anaemia.  Tlie  white  corpuscles  are  usually  about  normal 
in  number,  though  they  may  be  a  little  increased  or  a  little  decreased. 
Intercurrent  conditions  may  induce  a  temporary  leucocytosis  of  more 
or  less  pronounced  character  in  certain  instances,  and  the  number  of 
leucocytes  may  be  permanently  increased,  though  never  greatly. 
The  leucocytes  do  not  differ  in  character  from  those  seen  in  the 
normal  blood.  The  relative  proportion  of  the  different  forms  is 
preserved  in  most  instances,  but  occasionally  a  predominance  of 
small  mononuclear  forms  has  been  alluded  to,  this  condition  doubtless 
standing  in  some  relation  with  the  lymphatic  disease.  In  the  late 
stages  when  secondary  infections  have  developed,  the  polynuclear 
elements  may  become  predominating. 

Symptgivis. 

The  onset  of  pseudoleuksemia  is  usually  marked  by  a  more  or  less 
gradual  enlargement  of  the  cervical  lymphatic  glands.  Exceptionally 
the  disease  may  begin  with  a  similar  enlargement  of  other  groups. 
The  glands  first  involved  increase  to  a  considerable  size,  and  the  proc- 
ess then  extends  to  the  same  group  on  the  other  side  of  the  body  or 
to  other  groups.  Exceptionally  an  acute  onset  and  a  rapid  progress 
are  observed.  In  such  cases  the  earliest  symptoms  may  be  feverish- 
ness  and  a  feeling  of  general  illness  or  purpura  and  other  hemor- 
rhagic manifestations.  Sometimes  the  disease  begins  with  angina 
and  is  followed  by  enlargement  of  the  tonsils  and  subsequently  of 
other  lymphatic  structures.  In  the  si:)lenic  form  of  the  disease  the 
first  manifestation  may  be  general  pallor  and  weakness  or  a  feeling  of 
weight  and  heaviness  in  the  left  hypochondriac  region,  while  in 
other  cases  epistaxis,  purpura,  or  similar  conditions  mark  the  incep- 
tion of  the  disease  as  in  acute  cases. 

Lymphatic  Glands. — The  enlarged  lymphatic  glands  form  the  most 
striking  feature  among  the  objective  manifestations.  The  cervical 
and  submaxillary  glands  grow  progressively  larger  and  project  from 
the  surface  as  large  clusters  or  bunches  or  in  the  form  of  chains  ex- 
tending from  the  angle  of  the  jaw  to  the  clavicle.  Usually  there  is  no 
pain  or  even  tenderness,  but  exceptionally  considerable  tenderness  is 
complained  of  and  radiating  neuralgic  pain  may  extend  along  the  oc- 
cipital region  or  downwards  into  the  arms  when  nerve  trunks  are 
compressed.  The  skin  over  the  affected  glands  usually  presents  no 
distinct  alteration.  Occasionally  a  certain  amount  of  periglandular 
involvement  or  inflammation  may  lead  to  infiltration  and  redness  of 
the  skin  as  well  as  to  firm  attachment  between  the  skin  and  the 
glands.     The  latter,  however,  is  quite  exceptional.     The  glands  in  the 
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earlier  stages  are  soft  and  sometimes  may  be  almost  fluctuating ;  in 
the  later  stages  they  become  progressively  harder,  though  sometimes 
secondary  necrosis  leads  to  considerable  softness  at  this  period. 
Marked  variation  may  be  noted  from  time  to  time  in  the  size  of  the 
glands,  so  that  while  strikingly  rapid  increase  in  size  is  occasionally 
observed,  at  other  times  the  swellings  as  rapidly  subside.  This  is 
true  of  the  external  glands  and  also  of  those  in  the  interior,  and  in 
the  latter  case  corresponding  increase  and  decrease  of  the  pressure 
phenomeud,  ensue.  Suppurative  softening  of  the  glands  is  excessively 
rare. 

Next  to  the  cervical  glands,  the  axillary  and  inguinal  groups  are 
involved  with  about  equal  frequency.  In  this  way  large  bunches  may 
form  beneath  the  arms,  and  may  cause  considerable  discomfort  on 
account  of  their  position  and  from  the  pressure  exerted  upon  impor- 
tant stmctures  in  the  axilla.  The  enlargements  in  the  groin  may 
project  as  decided  tumors. 

Involvement  of  the  internal  glandular  groups  is  less  frequently 
noted,  though  cases  of  Hodgkin's  disease  beginning  primarily  in  the 
tracheal  and  peribronchial  groups,  in  those  of  the  anterior  medias- 
tinum, in  the  mesenteric,  periportal,  retroperitoneal,  and  even  in  the 
pelvic  lymphatic  nodes  are  occasionally  observed.  In  these  cases 
the  nature  of  the  disease  may  be  extremely  obscure  and  its  manifes- 
tations may  be  largely  mechanical,  due  to  pressure. 

The  Spleen. — A  certain  amount  of  splenic  hypertrophy  may  be 
observed  in  the  great  majority  of  the  cases,  while  in  a  small  num- 
ber the  splenic  hypertrophy  reaches  considerable  propoi-tions.  The 
increase  in  the  size  of  the  spleen  may  occur  gradually  and  progres- 
sively, or,  on  the  other  hand,  may  take  place  very  rapidly.  In  such 
instances  pain  is  often  a  prominent  symptom,  while  in  other  cases  an 
indistinct  feeling  of  heaviness  or  dragging  upon  the  left  side  is  com- 
plained of.  Fluctuations  in  the  size  of  the  spleen  are  met  with,  as 
in  that  of  the  lymphatic  glands,  and  hemorrhages,  diarrhoea,  or 
similar  conditions  may  be  found  to  exercise  a  potent  influence  in  this 
direction.  In  cases  of  moderate  enlargement  the  edge  of  the  spleen 
may  be  felt  just  below  the  border  of  the  left  ribs,  while  in  more  de- 
cided cases  the  lower  half  of  the  organ  may  be  grasped  in  the  hand 
as  the  patient  lies  upon  the  back  with  the  thighs  flexed  upon  the 
body.  In  cases  of  the  most  xjronounced  character  the  lower  end  of 
the  organ  may  extend  to  the  brim  of  the  pelvis,  and  the  anterior 
border  may  lie  in  the  median  line. 

Splenic  hypertrophy  may  be  unassociated  with  changes  in  the 
lymphatic  glands  or  other  structures.  Such  cases  constitute  the 
splenic  ansemia  of  Griesinger  and  Striimpell,  or  the  splenomegalie 
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primitive  of  Debove  and  Bruhl.  More  commonly  the  splenic  enlarge- 
ment is  followed  by  some  involvement  of  the  lymphatic  glands,  and 
the  latter  may  eventually  become  the  more  conspicuous  feature  of  the 
disease. 

Capsular  peritonitis  may  occasion  attachments  of  the  spleen  to 
the  surrounding  organs,  giving  rise  to  localized  pain  and  tenderness 
and  sometimes  to  a  friction  rub  which  may  be  plainly  palpable. 

Conspicuous  involvement  of  the  spleen  is  more  common  in  Hodg- 
kin's  disease  when  it  occurs  in  children,  and  Carderelli,  v.  Jaksch, 
and  others  have  described  special  forms  of  the  disease  occurring  in 
early  life.  The  nature  of  these  cases,  however,  must  be  more  defi- 
nitely established.  Some  of  the  instances  reported  are  certainly  in 
no  sense  related  to  true  Hodgkin's  disease. 

There  may  be  symptoms  pointing  to  involvement  of  the  bone 
marrow,  but  such  are  rare.  Among  these  pain  and  tenderness  along 
the  limbs  and  particularly  beneath  the  sternum  are  sometimes  noted, 
but  practically  never  become  severe  or  urgent. 

External  Appearances. — ^The  general  appearance  of  the  patient  in 
Hodgkin's  disease  may  be  decidedly  striking.  In  case  the  superficial 
glandular  tumors  are  large,  the  projecting  bunches  of  cervical,  ingui- 
nal, or  axillary  glands  may  give  a  most  decided  picture  to  the  dis- 
ease; but  when  such  enlargements  are  not  prominent  the  marked 
pallor  or  the  somewhat  sallow  hue  of  the  patient's  skin  may  attract 
attention.  Extreme  pallor  is  unusual,  though  at  times  it  is  noted, 
especially  in  cases  marked  by  hemorrhage  and  in  pseudoleukemia 
occurring  in  early  life.  Pigmentation  of  the  skin  has  been  observed 
by  a  few  writers  (Marvin,  Wright,  Ferreol,  and  Eichhorst).  It  may 
affect  exposed  portions  of  the  body  or  may  be  quite  generally  dis- 
tributed in  a  diffuse  or  in  a  patchy  fashion.  In  some  of  the  cases  in 
which  it  has  been  seen  enlargement  of  the  spleen  or  of  the  abdomi- 
nal glands  was  a  conspicuous  feature,  and  pressure  upon  the  supra- 
renal capsules  or  upon  the  solar  plexus  might  with  considerable  pro- 
priety be  looked  upon  as  the  cause  of  the  pigmentation.  Smaller 
areas  of  pigmentation  are  not  unusual  and  owe  their  presence  to  de- 
position of  pigment  after  ecchymotic  hemorrhages. 

Various  forms  of  local  lesions  have  been  observed  in  the  skin, 
the  most  characteristic  and  important  of  which  are  ecchymoses. 
Small  petechial  hemorrhages  not  rarely  appear  from  time  to  time, 
and  large  hemorrhagic  suffusions  may  cover  a  considerable  portion 
of  the  extremities  and  may  involve  the  skin  of  the  trunk  as  well.  In 
such  cases  the  clinical  picture  is  that  of  purpura  hsemorrhagica,  and 
in  many  instances  in  which  the  j)ost-mortem  examination  has  deter- 
mined lymphatic  lesions  such  as  occur  in  Hodgkin's  disease,  the 
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clinical  manifestations  have  been  those  of  morbus  Werlliofii.  The 
hemorrhages  may  appear  with  considerable  regularity  or  may  occur 
paroxysmally.  In  acute  cases  the  onset  of  the  disease  is  not  iufre- 
(jueutly  marked  by  manifestations  of  this  character.  Other  lesions 
of  the  skin,  such  as  erythema  and  pemphigus,  have  been  observed  in 
certain  instances. 

Besides  these  dermal  conditions  in  association  with  ordinary 
Hodgkin's  disease  there  are  the  cases  in  which  the  involvement  of 
the  skin  is  the  primary-  and  most  striking  feature  of  the  disease  from 
first  to  last.  In  this  case  there  are  nodular  elevations  presenting  a 
more  or  less  reddish  color  and  v^arying  in  size  from  a  hempseed  to 
considerable  i")atches.  Ulceration  may  occur  upon  the  surface  and 
the  neighboring  lymphatic  glands  become  secondarily  enlarged,  while 
at  the  same  time  the  patient's  general  health  suffers  considerably  and 
marked  anemia  is  gradually  developed.  In  instances  of  this  kind 
the  resemblance  to  prurigo  is  extremely  close  and  the  diagnosis  is 
sometimes  made  with  great  difficulty,  if  indeed  a  distinction  is  at  all 
possible.  In  other  instances  the  lesions  of  the  skin  are  those  of 
mycosis  fungoides. 

In  most  instances  the  skin  is  dry  and  not  rareh'  it  is  harsh. 
Sometimes,  however,  sweating  is  a  marked  feature,  particularly 
when  paroxysms  of  fever  occur,  and  drenching,  colliquative  sweats 
may  occur  at  night,  suggesting  that  the  condition  is  tuberculous. 
This  resemblance  is  still  further  augmented  by  the  occui'rence  of  ir- 
regular fever. 

Subcutaneous  oedema  may  occur  in  the  later  stages  in  consequence 
of  increasing  anaemia  and  circulatory  failure ;  and  a  certain  amount 
of  fugacious  swelling  about  the  malleoli  and  under  the  eyes  is  not 
rarely  present  in  the  earlier  periods  of  the  disease.  Localized 
oedema  may  be  de^Dendent  upon  the  pressure  of  the  enlarged  glands, 
as  in  cases  of  dropsical  swelling  of  the  arms,  neck,  and  upper  part 
of  the  thorax,  due  to  involvement  of  the  axillary,  cervical,  and  in- 
trathoracic glands.  Serous  effusions  in  the  pleurae,  pericardium, 
and  peritoneum  may  result  from  similar  causes. 

Evidences  of  a  general  hemorrhagic  diathesis  may  be  striking. 
Epistaxis  is  one  of  the  commonest  conditions  and  may  prove  serious. 
Hemorrhages  from  the  stomach,  from  the  respiratory  tract,  or  from 
the  urogenital  system  are  frequently  noted,  while  melaena  has  been 
particularly  observed  in  children. 

Subjective  Si/mjjfoms. — The  subjective  symptoms  are  sometimes 
pronounced  and  at  other  times  are  much  less  prominent  than  the  ob- 
jective features  of  the  disease.  As  in  leukaemia  and  in  other  forms  of 
anaemia,  there  is  increasing  weakness  dependent  upon  the  amount  of 
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deterioration  of  the  blood ;  the  patient  complains  of  languor,  of  pal- 
pitations, of  loss  of  appetite,  of  digestive  disturbances,  and  of  dys- 
pncea  upon  slight  exertion;  while  ringing  in  the  ears,  vertigo,  dis- 
turbances of  vision,  and  headaches  may  be  more  or  less  pronounced 
in  accordance  with  the  condition  of  the  blood  and  of  the  circula- 
tion. 

Examination  of  the  heart  may  reveal  hsemic  murmurs  at  the  base 
and  sometimes  at  the  apex,  while  venous  and  arterial  j)henomena  are 
present  as  in  other  ansemias,  although  they  are  not  usually  pro- 
nounced. 

Gastrointestinal  Symptoms. — The  gastrointestinal  symptoms  may 
be  simply  due  to  auEemia  or  may  be  still  further  influenced  by  the 
occurrence  of  specific  lesions  in  the  mucous  membranes.  Stomatitis 
and  pharyngitis  may  be  among  the  early  manifestations  in  certain 
cases  and  have  indeed  seemed  to  be  the  primary  cause  of  the  disease 
in  some  instances.  At  other  times  they  are  secondary  to  the  gen- 
eral manifestations.  The  lymphatic  structures  at  the  root  of  the 
tongue,  the  tonsils,  and  the  pharyngeal  lymphadenoid  tissues  may  be 
increased  in  size,  and  erosion  or  actual  ulcerations  may  occur.  These 
symptoms  are  particularly  prone  to  occur  in  acute  cases.  Pseudo- 
leuksemic  tumors  of  the  stomach  may  be  of  such  size  as  to  be  de- 
tected by  physical  examination,  but  marked  gastric  symptoms  are  in- 
frequent. The  bowels  are  usually  constipated ;  but  in  cases  in  which 
specific  lesions  of  the  intestine  have  develoi)ed,  attacks  of  diarrhoea 
are  not  unusual,  this  being  particularly  the  case  in  the  rare  instances 
in  which  the  intestinal  nodules  have  undergone  ulceration.  Obsti- 
nate diarrhoea  may  also  be  due  to  amyloid  degeneration. 

Enlargement  of  the  liver  may  occur  early  and  may  progress  as  in 
leukaemia.  A  certain  amount  of  tenderness  or  weight  in  the  right 
hypochondriac  region  is  not  unusual,  but  actual  pain  is  rare. 

The  temperature  shows  striking  peculiarities.  From  time  to  time 
paroxysms  of  fever  of  irregular  type  and  of  variable  duration  take 
place,  alternating  with  apyretic  intervals.  The  paroxysms  may  coin- 
cide with  involvement  of  new  groups  of  glands  or  may  be  entirely  in- 
dependent of  such  conditions.  In  other  cases  the  fever  is  more  con- 
stant and  more  uniform,  and  may  suggest  typhoid  fever  in  cases  in 
which  the  internal  rather  than  the  superficial  glands  are  involved. 
Finally  in  some  instances  decided  irregularity  of  the  temperature  may 
occur  and  may  be  associated  with  drenching  sweats,  suggesting 
tuberculosis.  The  irregular  recurring  type  of  fever  was  first  noted 
by  Pel,  and  later  Ebstein  suggested  the  title  chronic  relapsing  fever 
in  describing  a  case  in  which  he  believed  the  disease  was  of  a  specific 
and  peculiar  character.     The  occurrence  of  fever  was  also  alluded  to 
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by  Bennett  in  the  description  of  some  of  liis  cases.     Eecent  studies 
show  this  to  be  one  of  the  distinctive  symptoms. 

The  urine  presents  no  marked  peculiarities.  The  quantity  is 
usually  about  normal,  though  it  may  be  increased  or  decreased ;  it  is 
generally  light-colored,  and  on  chemical  examination  the  quantity  of 
uric  acid  is  found  to  be  about  normal  or  even  decreased.  The  other 
constituents  of  the  urine  are  likewise  normal.  Occasionally  albumin- 
uria occurs. 

Complications. 

Various  complications  have  been  referred  to  in  the  description  of 
the  sj'mptoms,  but  those  due  to  pressure  or  to  secondary'  infections 
remain  to  be  described.  The  enlarged  glands  not  rarely  press  upon 
nerve  trunks  and  thus  localized  palsies  or  sensory  manifestations 
jnay  be  produced.  One  of  the  most  frequent  results  of  this  character 
is  paralj'sis  due  to  pressure  upon  the  recurrent  laryngeal  nerve.  In 
a  case  of  Neusser's  alluded  to  by  Ortner  there  were  distinct  gastric 
crises  ascribed  to  involvement  of  the  sensory  branches  of  the  spinal 
nerves,  while  in  a  still  more  remarkable  case  of  Eoss  and  Osier  there 
were  lancinating  pains  and  oedema  of  the  feet,  followed  by  complete 
paraplegia,  all  of  these  symptoms  being  due  to  pressure  of  a  mass  of 
glands  upon  the  spinal  cord. 

Enlargement  of  the  intra-abdominal  glands  may  lead  to  jaundice 
by  compression  of  the  biliarj^  duct  or  sometimes  to  ascites.  Amyloid 
disease  may  occur  in  the  liver,  the  kidneys,  and  the  intestines,  and 
may  occasion  great  enlargement  of  the  liver,  increasing  oedema,  al- 
buminuria, obstinate  diarrhoea,  and  great  cachexia. 

Pulmonary  complications  are  not  infrequent.  Pressure  upon  the 
trachea  or  bronchi  may  occasion  serious  disturbances  of  respiration, 
manifesting  themselves  in  the  form  of  exti'eme  dyspnoea,  stridor,  or 
evidences  of  imperfect  aeration  of  one  or  both  lungs.  Secondarily 
partial  collapse  or  inflammatory  lesions  of  the  lungs  may  ensue ;  and 
pneumonia  is  not  infrequently  developed  before  the  fatal  issue  of  the 
case.  Phthisis  has  been  referred  to  hj  Glaus  as  an  occasional  com- 
plication. 

The  transformation  of  Hodgkin's  disease  into  leukaemia  has  been 
frequently  obsei*ved.  Doubtless  some  of  these  cases  are  instances  of 
terminal  leucocytosis,  but  the  conversion  into  actual  leukaemia  cer- 
tainly does  occur.  The  opinion  has  been  entertained  that  Hodgkin's 
disease  represents  a  primary  and  aleuksemic  stage  of  the  affection, 
which  eventually  manifests  its  true  characters  as  a  fully  developed 
leukaemia.  There  is  much  to  be  said  in  favor  of  such  a  view,  but 
the  relations  of  the  two  conditions  have  not  as  yet  been  determined. 
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There  are  certainly,  however,  other  factors  than  the  mere  question 
of  time  -which  lead  to  the  development  of  the  leukjemic  condition  of 
blood  in  certain  instances.  Some  cases  show  no  tendency  to  become 
leuksemic  despite  their  continuance  for  unusual  lengths  of  time. 

COUESE  AXD  PeOGNOSIS. 

The  course  of  the  disease  is  usually  subacute  or  chronic.  In  most 
instances  it  is  more  rapid  in  its  development  and  course  than 
leukaemia,  though  sometimes  instances  are  observed  in  which  the 
affection  has  lasted  for  a  number  of  years.  Marked  variations  may 
be  noted  from  time  to  time,  and  sometimes  the  process  seems  to 
become  arrested  at  a  certain  stage,  and  such  arrests  may  be  endur- 
ing. Usually,  however,  the  fluctuations  are  transitory,  and  in  the 
majority  of  instances  the  entire  course  of  the  disease  is  from  one  to 
two  years.  Acute  and  even  fulminating  cases  have  been  recorded. 
Ebstein  called  attention  to  such  in  his  dissertation  in  1889,  and  other 
cases  have  since  been  recorded.  The  dui-ation  in  these  may  be  from 
a  few  days  to  several  weeks,  but  it  must  be  confessed  that  the  diag- 
nosis in  such  instances  is  frequently  open  to  not  a  little  suspicion. 
Complications  render  the  course  of  the  disease  more  rapid  and  cause 
marked  fluctuations  in  the  patient's  condition.  Thus  attacks  of 
diarrhoea,  of  hemorrhage  or  of  high  fever  may  occasion  rapid  increase 
in  the  anaemia  and  other  untoward  conditions.  Death  usually  occurs 
from  gradual  increase  in  the  general  weakness  and  cachexia,  the 
evidences  of  anaemia  becoming  more  and  more  pronounced.  Finally 
inflammatory  conditions  of  the  lungs,  general  anasarca  or  internal 
effusions,  and  heart  failure  may  arise  and  determine  the  fatal  result. 
Undoubtedly  terminal  infection  is  very  frequent  and  the  micro- 
organisms (streptococci,  staphylococci,  bacilli)  reported  by  various 
authors  have  been  evidences  rather  of  such  terminal  infection  than 
indications  of  the  etiological  factors  in  the  disease. 

The  prognosis,  though  nearly  always  absolutely  unfavorable,  is 
not  in  every  instance  hopeless.  Cases  of  arrest  of  the  disease  have 
been  recorded  and  entire  subsidence  under  treatment  is  not  im- 
possible. 

Diagnosis. 

In  cases  of  chronic  Hodgkin's  disease  the  diagnosis  presents  but 
little  difficulty.  The  enlarged  lymphatic  glands,  the  swelling  of  the 
spleen,  and  the  growing  cachexia,  together  with  the  examination  of 
the  blood  showing  absence  of  leucocytosis,  constitute  a  group  of 
manifestations  scarcely  mistakable.  The  diagnosis,  however,  is  ex- 
tremely difficult  in  atypical  and  ill-developed  cases. 
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Other  diseases  manifesting  themselves  by  enlargement  of  the 
glands  may  be  mistaken  for  Hodgkin's  disease.  Among  these 
syphilis,  tuberculosis,  and  malignant  tumoi-s  must  be  considered. 
Syphilitic  enlargement  of  the  glands  in  ordinary  cases  is  recognized 
^^^thout  great  difficulty  by  the  associated  dermal  manifestations, 
the  history  of  the  case,  the  rather  acute  and  benign  course  of  the  con- 
dition, and  the  fact  that  the  glandular  enlargements  are  moderate  in 
their  size  and  develop  simultaneously  in  all  parts  of  the  body.  The 
greatest  difficulty  occurs  in  the  cases  of  tertiary  gummatous  enlarge- 
ment of  the  glands  (Jyinplioma  sen  huho  gxmmosa  sen.  terfiaris  of 
Lustgai-ten) .  In  these  cases  the  glandular  involvement  is  usually 
localized  and  may  reach  considerable  size.  The  history  of  the  case, 
however,  aids  the  diagnosis,  and  attachment  to  the  skin  and  a  ten- 
dency to  ulceration  or  to  softening  distinguish  the  syphilitic  disease 
from  Hodgkin's  disease. 

Scrofulous  or  tuberculous  lymphatic  glands  are  usually  distin- 
guished by  the  fact  that  they  occui'  more  commonly  in  the  young 
and  remain  circumscribed  to  a  single  group  or  to  a  small  area.  The 
submaxillary  and  the  cervical  glands  are  most  fi'equently  involved, 
and  softening  is  as  common  in  tuberculosis  as  it  is  rare  in  Hodgkin's 
disease.  Ocasionally  universal  disease  of  the  lymphatic  glands  may 
occur,  and  in  such  cases  it  is  practically  impossible  to  establish  a 
diagnosis  during  life.  Even  in  such  instances,  however,  the  tendency 
to  softening  and  suppui'ation  is  of  some  assistance.  Coincident  tuber- 
culous disease  of  other  parts  or  the  discovery  of  a  primary  focus  of 
infection,  such  as  tuberculous  laryngitis  or  pharyngeal  or  tonsillar 
ulceration,  may  establish  the  diagnosis. 

In  a  number  of  cases  recorded  in  the  literature  the  tuberculous 
nature  of  the  glandular  disease  was  unsuspected  until  after  death  and 
when  injection  of  parts  of  the  glands  had  been  practised  upon 
animals.  Some  have  maintained  that  Hodgkin's  disease  is  merely 
a  general  lymphatic  tuberculosis ;  but  such  a  view  is  certainly  unwar- 
ranted. 

Malignant  tumors  of  the  lymphatic  glands  when  they  are  secon- 
dary offer  but  little  difficulty  in  diagnosis  if  the  primary  growth  is 
discoverable.  Primary  neoplasms  (lymphosarcoma)  cannot  so  easily 
be  distinguished.  Indeed,  the  limitations  between  this  aff'ection  and 
Hodgkin's  disease  have  not  been  established.  Billroth  and  others 
after  him  have  insisted  upon  the  point  that  lymphosarcoma  tends  to 
spread  locally  from  the  glands  involved  to  the  surrounding  structures 
rather  than  to  other  groups  of  glands.  In  the  case  of  the  superficial 
glands  periglandular  involvement  and  attachment  of  the  skin  are  thus 
established,  and  the  growth  is  characterized  by  a  degree  of  irregularity 
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unusual  in  Hodgkin's  disease.  This  distinction,  however,  cannot  be 
admitted  in  all  cases.  There  are  undoubted  cases  of  Hodgkin's 
disease  with  marked  irregularity  of  outline  of  the  glandular  masses ; 
and  cases  of  lymphosarcoma  in  which  the  reverse  is  true.  Leucocy- 
tosis  with  abundant  lymphocytes  would  point  somewhat  in  favor  of 
lymphosarcoma. 

Enlargement  of  the  spleen  from  chronic  malaria,  rickets,  con- 
genital syphilis,  amyloid  disease,  or  congestion  may  occasion  a  resem- 
blance to  Hodgkin's  disease  of  splenic  type. 

The  diagnosis  is  to  be  made  in  such  instances  by  exclusion.  The 
fact  that  splenic  anaemia  or  Hodgkin's  disease  is  usually  attended  with 
some  lymphatic  enlargement  may  be  of  considerable  assistance  in  the 
diagnosis,  while  the  course  of  the  affection,  the  occurrence  of  hemor- 
rhagic manifestations,  and  the  absence  of  indications  pointing  to 
other  diseases  establish  the  diagnosis  in  most  instances.  The 
greatest  difficulty  occurs  in  children  in  whom  chronic  enlargement  of 
the  spleen  with  cachexia  is  so  frequent  and  of  such  varying  signifi- 
cance (see  Ancemia  Infantum  FseudoleuJccemica). 

In  acute  or  subacute  cases  of  Hodgkin's  disease  the  manifesta-. 
tions  may  suggest  various  infections.  Instances  marked  by  a  contin- 
uous febrile  course  may  be  distinguished  from  typhoid  fever  with 
some  difficulty  on  account  of  the  enlargement  of  the  spleen,  the  gen- 
eral weakness,  and  the  abdominal  distention.  Particularly  is  this 
true  of  cases  of  Hodgkin's  disease  affecting  the  abdominal  glands 
from  the  first  or  mainly.  In  time,  of  course,  the  diagnosis  is  easily 
established,  and  in  most  instances  in  which  the  history  from  the 
beginning  is  obtainable  little  difficulty  exists. 

In  very  acute  cases  the  manifestations  may  be  those  of  purpura 
hsemorrhagica,  the  real  nature  of  which  can  only  be  suspected  when 
distinct  evidences  of  involvement  of  the  lymphatic  glands  or  spleen 
are  obtained.  Stress  has  sometimes  been  laid  upon  hemorrhagic 
manifestations  as  indicative  of  leukaemia  or  pseudoleukaemia,  but  at 
the  present  time  these  symptoms  are  recognized  to  be  of  little  value 
in  diagnosis,  occurring  as  thej^  do  in  a  multitude  of  affections. 

Pseudoleukaemia  cutis  may  be  distinguished  from  prurigo  by  the 
fact  that  the  latter  occurs  more  frequently  in  childhood  and  is  more 
strikingly  confined  to  the  extensor  surface  of  the  limbs.  It  occurs 
coincidently  with  glandular  disease  or  subsequent  to  the  latter,  while 
prurigo  may  be  unassociated  with  glandular  enlargement  or  precedes 
the  swelling  of  the  glands. 

The  differential  diagnosis  between  Hodgkin's  disease  and 
leukaemia  rests  entirely  upon  the  examination  of  the  blood  (see 
Leukaemia). 
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Treatment. 


Hj^gienic  measures  should  never  be  neglected  in  this  disease, 
and  local  treatment  should  be  directed  to  the  conditions  which  may 
stand  in  etiological  relation  with  the  development  of  the  lymphatic 
disease.  The  patient  should  be  placed  amid  the  most  favorable  sur- 
roundings, and  a  change  of  air  and  general  scene  msbj  be  advan- 
tageous.    The  diet  should  be  nutritious  and  easily  digested. 

Among  the  remedies  which  have  been  found  useful  in  this  disease 
arsenic  deserves  most  confidence  and  should  be  administered  in  in- 
creasing doses  as  soon  as  the  infection  is  recognized.  It  is  given  in 
the  form  of  Fowler's  solution  after  meals,  the  doses  being  increased 
from  five  to  ten,  or  even  twenty  or  thirty  drops,  care  being  taken  that 
at  the  first  evidence  of  toxic  action  the  quantity  administered  is  re- 
duced or  the  remedy  is  discontinued  entirely  for  a  time.  Sometimes 
improvement  is  noted  from  the  first;  in  other  cases  no  change  is  ob- 
vious until  the  fullest  therapeutic  effects  of  the  remedy  have  begun  to 
manifest  themselves.  Injection  of  arsenic  subcutaneously  may  be 
advantageous  when  the  stomach  is  irritated,  but  the  direct  injection 
of  arsenic  into  the  glands  or  even  into  the  spleen  cannot  be  recom- 
mended. Iron,  phosphorus,  cod-liver  oil,  strychnine,  and  other  tonic 
remedies  possess  certain  advantages,  though  they  are  not  to  be  used 
to  the  exclusion  of  arsenic,  but  only  as  adjuvants. 

Local  treatment  has  frequently  been  employed.  Applications  of 
strong  ointments  of  iodine  or  of  the  tincture  of  iodine  are  certainly 
useful  in  cases  in  which  there  is  irritation.  It  is  doubtful,  however, 
whether  they  have  any  effect  in  the  way  of  causing  absorption  of  the 
glandular  hyperplasia.  The  same  may  be  said  of  the  internal  use  of 
iodine  or  the  iodides,  and  of  the  local  application  of  mercurial  prepa- 
rations. Galvanism  of  the  lymphatic  tumors  has  been  recom- 
mended, and  Meyer  claims  to  have  obtained  excellent  results  from 
strong  faradic  currents. 

Surgical  treatment  may  possibly  offer  some  hope  of  benefit  if 
employed  early  and  the  removal  of  the  first  glandular  enlargements 
may  possibly  an'est  the  disease.  Evidence,  however,  is  still  wanting 
upon  this  point.  The  removal  of  the  spleen,  though  it  has  been 
practised  with  success  in  a  number  of  cases  looked  upon  as  Hodg- 
kin's disease,  is  a  serious  operation,  and  offers  too  little  chance  of 
permanent  improvement  to  justify  the  risks.  Moreover,  the  splenic 
enlargement  is  so  rarely  primary  that  the  same  happy  effect  cannot 
be  expected  of  this  operation  that  has  sometimes  appeared  to  attend 
removal  of  primary  glandular  enlargements. 
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Anaemia  Infantum  Pseudoleukasmica. 

Definition. 

Von  Jaksch  in  1889  and  subsequently  described  a  form  of  ausemia 
occurring  in  children  and  distinguished  by  the  following  features: 
"There  is  often  marked  swelling  of  the  spleen,  the  liver,  and  the 
glands,  with  continuous  and  decided  leucocytosis.  The  relation  of 
the  white  blood  corpuscles  to  the  red  may  be  1  to  20,  1  to  17,  or  1 
to  12,  but  despite  these  features  there  is  no  evidence  of  leuksemia  at 
the  post-mortem  examination." 

A  similar  affection  had  been  recognized  by  Italian  writers  and 
had  been  styled  anemia  splenica  infettiva  dei  bambini.  Subsequently 
Hayem,  Baginsky,  Somma,  Luzet,  Loos,  Alt  and  Weiss,  and  other 
writers  recorded  cases  or  contributed  to  the  study  of  the  disease. 
Notwithstanding  the  opinion  of  some  of  these  authorities  no  definite 
characters  can  be  ascribed  to  this  affection,  and  it  must  be  recognized 
rather  as  a  clinical  picture  which  may  occur  in  a  variety  of  affections, 
than  as  a  distinct  entity.  In  no  sense  is  this  condition  allied  to 
leuksemia  or  pseudoleuksemia,  since  the  characteristic  lesions  of  the 
lymphatic  apparatus  are  entirely  wanting — the  enlargement  of  the 
spleen,  of  the  liver,  and  of  the  lymphatic  glands  being  of  different 
sorts. 

Etiology. 

The  condition  occurs  most  commonly  in  children  under  the  age  of 
four,  and  especially  between  the  seventh  and  the  twelfth  months. 
Luzet  held  that  it  does  not  occur  after  the  age  of  two  years.  Of 
20  cases  collected  by  Monti  and  Berggriin  all  were  under  the  age  of 
four  and  12  occurred  before  the  age  of  twelve  months.  No  special 
influence  can  be  ascribed  to  sex,  though  Hock  and  Schlesinger  believed 
it  to  be  more  common  in  male  children.  Monti  and  Berggriin  found 
11  girls  and  5  boys  among  the  16  cases  in  which  the  sex  was  noted. 
Of  the  conditions  which  are  closely  associated  with  this  form  of 
anaemia  rickets  is  most  important,  16  of  18  cases  collected  by 
Fischl  showing  evidences  of  this  condition,  and  16  of  the  20  cases 
collected  by  Monti  and  Berggriin  presenting  a  similar  history. 
Next  to  rickets,  hereditary  syphilis  is  of  importance,  and  in  other 
cases  gastrointestinal  disturbances,  particularly  chronic  diarrhoea, 
seem  to  play  a  part. 

It  is  somewhat  difficult  to  estimate  the  frequency  of  this  affection 
from  the  meagre  knowledge  thus  far  acquired.     Luzet  ranks  it  as 
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exceecliugly  rare,  while  Hock  aud  Sclilesiuger  found  on  the  average 
1  case  in  1,000  or  1,500  children.  Monti  and  Berggriin  saw  5  cases 
among  4,851  children  coming  under  their  observation  in  eight  months. 
The  disease  occurs  in  all  i)arts  of  the  world,  but  whether  with 
equal  frequency  or  not  cannot  as  yet  be  determined.  Eotch  refers 
to  four  cases  that  have  come  under  his  observation  in  Boston,  and  a 
recent  case  occurred  in  my  ward  at  the  Children's  Hospital  of  Phila- 
delphia 

Pathological  Anatomy. 

The  most  conspicuous  feature  of  the  disease  is  the  splenic  en- 
largement which  is  regarded  as  one  of  the  essential  conditions. 
Sometimes  this  is  slight,  at  other  times  the  entire  left  side  of  the 
abdomen  is  filled  by  the  splenic  tumor.  The  organ  is  hard,  and  on 
section  is  dark  red  in  color.  Not  rarely  the  surface  is  somewhat 
roughened,  and  evidences  of  perisplenitis  are  observed  (Luzet).  The 
histological  examination  shows  hyperplasia  of  the  splenic  elements 
such  as  occurs  in  ordinary  hypertrojjhic  conditions.  Nucleated  cor- 
puscles showing  active  karyokinesis  may  be  quite  abundant. 

The  liver  is  often  enlarged,  though  in  some  of  the  cases  the  size 
has  been  found  to  be  normal.  It  is  usually  about  the  normal  con- 
sistence and  color,  and  the  surface  of  section  is  smooth.  Luzet  calls 
particular  attention  to  the  occurrence  of  cells  containing  a  finelj^  gran- 
ular protoplasm  and  irregular,  often  partly  divided  nuclei  with  dis- 
tinct granulation,  or  disintegrated  nuclei  presenting  themselves  as 
granular  portions  scattered  within  the  cell.  These  cells  he  looks  upon 
as  elements  connected  with  the  formation  of  red  corjDuscles.  The 
liver  cells  themselves  present  no  abnormalities. 

The  lymphatic  glands  are  frequently  enlarged,  though  according 
to  Luzet  this  enlargement  is  never  conspicuous.  It  never  presents 
itself  in  the  form  of  lymphomata  such  as  occur  in  leukaemia  or  Hodg- 
kin's  disease. 

The  bone  marrow  may  be  diffusely  reddened  and  soft,  but  ex- 
tended observations  upon  this  point  are  wanting. 

The  hlood  presents  striking  features.  The  red  corpuscles  are  in- 
variably reduced,  and  the  oligocythsemia  is  usually  quite  marked.  In 
one  of  V.  Jaksch's  cases  the  number  was  820,000  per  cubic  millimetre, 
and  the  majority  of  the  cases  present  figures  below  3,000,000.  The 
character  of  the  red  corpuscles  is  altered  in  correspondence  with  the 
degree  of  ansemia.  Von  Jaksch  called  attention  to  certain  forms  of 
protoplasmic  degeneration,  causing  granular  or  globular  formations 
within  the  red  blood  corpuscles,  and  corresponding  to  the  degenera- 
tion of  Maragliano,   while  Alt  and  Weiss  observed  distinct  poly- 
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chromatopbilia.  Poikilocytosis  is  frequently  seen  in  the  severer 
forms  and  irregularity  in  the  size  of  the  corpuscles  is  very  marked. 
The  occurrence  of  nucleated  erythrocytes  is  quite  constant,  and 
according  to  some  observers,  characteristic.  Among  others  Hay  em, 
Luzet,  Alt  and  Weiss,  Hock  and  Schlesinger  have  found  them  very 
frequently  and  in  large  numbers,  and  have  looked  upon  their  abun- 
dance as  of  great  diagnostic  significance.  The  small  normoblasts  are 
most  frequent,  but  larger  forms  and  even  megaloblasts  are  not  un- 
usual.    Karyokinetic  figures  have  been  repeatedly  observed. 

The  leucocytes  are  always  increased  in  number  and  the  degree  of 
leucocytosis  may  be  very  great.  Among  the  cases  collected  by  Monti 
and  Berggriin  five  showed  from  40,000  to  50,000  leucocytes,  three 
from  50,000  to  65,000,  and  in  one  there  were  114,150.  Kegarding 
the  character  of  the  leucocytes,  there  may  be  no  striking  alteration 
from  the  normal,  though  v.  Jaksch  asserted  that  polynuclear  elements 
are  particularly  increased.  In  four  cases  studied  by  Monti  and 
Berggriin  there  was,  on  the  contrary,  a  notable  predominance  of 
mononuclear  forms.  The  number  of  eosinophile  corpuscles  varies 
greatly,  and  while  v.  Jaksch  and  others  state  that  they  are  reduced 
in  number,  others  have  found  them  notably  increased  (Zappert). 
The  number  of  leucocytes  is  liable  to  considerable  fluctuation  from 
time  to  time. 

Nature  of  the  Disease. 

It  is  quite  evident  from  a  study  of  the  pathological  features,  the 
etiology,  and  the  character  of  the  blood  that  the  angemia  infantum 
pseudoleuksemica  of  v.  Jaksch,  is  not  an  independent  disease.  It 
would  seem  to  be,  on  the  contrary,  a  type  of  secondary  ansemia  which 
may  occur  in  consequence  of  a  variety  of  affections,  and  which  owes 
its  peculiar  characters,  and  in  particular  the  marked  leucocytosis  and 
the  number  of  nucleated  red  corpuscles,  to  the  age  of  the  patients 
rather  than  to  an  underlying  disease. 

Symptoms. 

The  disease  is  usually  gradual  in  onset,  manifesting  itself  with 
increasing  pallor  and  weakness.  The  skin  and  mucous  membranes 
become  pale,  and  clinical  manifestations  of  anaemia  are  noted.  The 
child  is  usually  emaciated  and  in  most  instances  presents  evidence  of 
rickets  or  of  congenital  syphilis. 

The  spleen  is  enlarged  and  may  be  distinctly  felt  projecting 
beneath  the  ribs,  or  sometimes  filling  the  left  side  of  the  abdomen. 
The  organ  is  extremely  hard.     With   improvement  in  the  general 
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conditiou  aud  in  the  state  of  the  blood,  the  size  of  the  orgau  graduallj^ 
or  rapidly  decreases.  Enlargement  of  the  liver  may  be  determined  at 
the  same  time,  though  it  is  frequentl}-'  absent.  When  present,  how- 
ever, the  enlargement  does  not  correspond  to  the  increased  size  of 
the  spleen  as  is  the  case  in  leuksemia,  and  the  lower  border  is  sharp 
rather  than  rounded.  Slight  enlargement  of  the  lymphatic  glands 
may  be  detected,  but  distinctly  projecting  tumors  are  never  ob- 
served. 

Inflammatory  complications  of  various  kinds  are  prone  to  occur, 


h.-  'f<^^- 


Fig.  43.— Anaemia  Infantum  Pseudoleuksemica  (Children's  Hospital,  Philadelphia). 


and  death  may  result  from  peritonitis,  pneumonia,  or  severe  bron- 
chitis. 

Diagnosis. 

The  diagnosis  of  this  condition  is  usually  determined  with  ease, 
though  its  resemblance  to  leuksemia  has  frequently  led  to  errors. 
The  points  upon  which  v.  Jaksch  laid  particular  stress  were  the  de- 
cided reduction  in  the  number  of  erythrocytes,  the  marked  leucocy- 
tosis  with  increased  number  of  polymorphous  leucocytes,  and  the  fact 
that  the  liver  is  not  enlarged  in  proportion  with  the  enlargement  of 
the  spleen,  while  its  lower  edge  is  sharp  rather  than  rounded,  as  is 
the  case  in  leukaemia.  In  addition  to  these  facts,  the  absence  of  in- 
volvement of  the  lymphatic  glands  and  the  unusual  abundance  of 
nucleated  red  corpuscles  showing  karyokinesis  may  be  of  some  value, 
though  the  latter  point  requires  further  confirmation.  Hemorrhagic 
manifestations,  such  as  epistaxis,  retinal  hemorrhages,  aud  purpura 
do  not  occur  as  in  leukaemia.  Marked  evidences  of  rickets  should 
always  lead  to  the  suspicion  that  the  affection  is  non-leukasmic. 
Finally,  the  course  of  the  disease  is  more  benign,  a  majority  of  the 
cases  recovering. 
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CouESE  Amy  Prognosis. 

The  course  of  the  disease  is  more  or  less  progressive,  beginning 
gradually  and  increasing  in  severity.  Under  treatment  it  tends  to  a 
favorable  outcome.  Among  the  twenty  cases  tabulated  by  Monti  and 
Berggriin  death  occurred  in  but  four. 

Under  treatment  the  leucocytosis  subsides,  the  anaemia  gradually 
improves,  and  the  spleen  may  decrease  until  it  practically  resumes 
its  natural  size. 

Treatment. 

General  hygienic  measures  are  of  prime  importance.  The  diet 
must  be  strictly  regulated  so  as  to  be  nutritious  and  properly  suited  to 
the  digestive  conditions.  In  children  above  the  age  of  one  or  one 
and  a  haK  years  eggs  and  meat  may  prove  advantageous.  In  younger 
children  the  milk  should  be  properly  prepared,  and  in  nursing  infants 
it  may  be  advisable  to  substitute  proper  artificial  feeding  for  the 
mother's  milk.  Iron  in  the  form  of  the  iodide  is  useful,  but  arsenic 
is  of  especial  value.  The  latter  remedy  may  be  given  in  the  form  of 
Fowler's  solution  well  diluted,  and  cautiously  increased  in  amount. 
Inunctions  of  cod-liver  oil  and  internal  administration  of  the  oil  with 
phosphorus  have  seemed  efficacious  in  some  instances. 

H^MOCYTOLYSIS— HiEMOGLOBINuffiMIA. 

Under  the  influence  of  a  number  of  agencies  the  haemoglobin  of 
the  blood  corpuscles  may  become  disassociated  from  the  corpuscles 
themselves,  leaving  the  latter  decolorized  as  sJiadoio  corpuscles  or 
broken  into  irregular  fragments.  In  this  removal  of  the  haemoglobin 
there  may  be  no  chemical  change  whatever,  but  more  frequently  it  is 
met  with  as  methsemoglobin  or  as  other  forms. 

The  haemoglobin  which  has  been  liberated  from  the  red  corpuscles 
may  be  utilized  in  different  .ways  in  the  organism.  Undoubtedly 
there  is  constant  haemocytolysis  taking  place  in  the  body  and  par- 
ticularly in  the  liver,  and  the  haemoglobin  liberated  in  this  manner  is 
partly  converted  into  bilirubin  and  eliminated  with  the  bile.  The 
remaining  portion  of  the  haemoglobin  which  contains  by  far  the 
largest  amount  of  iron  remains  in  the  body  as  a  pigment  substance 
(haemosiderin)  which  is  stored  in  the  liver  to  a  certain  extent  but  for 
the  most  part  transferred  to  the  spleen,  the  glands,  and  the  bone  mar- 
row, where  it  is  doubtless  subsequently  employed  for  the  production 
of  red  corpuscles.     More  or  less  serious  results  may  follow  the  liber- 


H^MOCYTOLYSIS — BLEMOGLOBIN.EMIA.  465 

ation  of  large  quantities  of  hsemoglobiD  by  haemolysis.  Frequently 
the  white  corjiuscles  are  destroyed  at  the  same  time  and  in  conse- 
quence of  the  liberation  of  compounds  contained  within  these,  and  to 
a  less  extent  within  the  erythrocytes,  intravascular  coagulation  and 
ferment-intoxication  may  occur.  The  liberation  in  the  liver  of  large 
quantities  of  haemoglobin  leads  to  increased  thickness  and  also  in- 
creased quantity  of  the  bile,  which  may  occasion  obstruction  of  the 
biliary  capillaries  and  consequent  reabsorption  by  the  lymphatics, 
causing  the  form  of  jaundice  often  spoken  of  as  hsematogeuous  jaun- 
dice. The  investigations  of  recent  years  and  jjarticularly  those  of 
Naunyn  and  Stadelmann  have  shown  that  this  is  not  the  result  of  de- 
posits of  blood  pigment  directly,  but  rather  of  reabsorption  of  altered 
haemoglobin  from  the  liver  in  consequence  of  the  disturbed  functions 
of  the  latter  organ.  Frequently  irritation  of  the  kidneys  results 
from  the  circulation  of  large  quantities  of  haemoglobin  in  the  plasma, 
and  thi'ombosis  in  the  blood-vessels  or  haemoglobin  infarcts  in  the 
tubules  may  take  place.  Actual  nephritis  is  not  unusual  in  cases  of 
fatal  i:)oisoning  by  many  of  the  haemolytic  intoxicants. 

The  excess  of  haemoglobin  in  the  blood  beyond  that  which  may 
be  disposed  of  by  the  liver,  spleen,  and  other  organs  is  excreted  with 
the  urine,  causing  the  condition  known  as  haemoglobinuria  or  more 
properly  methasmoglobinuria.  Excess  of  xanthin  bases  in  the  urine 
or  of  uric  acid  is  a  reliable  indication  of  leucocytic  destruction  and 
generally  corresponds  quite  closely  with  the  degree  of  haemolysis. 

In  addition  to  these  irritative  symptoms  resulting  from  the  liber- 
ation of  large  quantities  of  haemoglobin  and  other  cellular  constit- 
uents, there  are  manifestations  of  a  functional  character  due  to  the 
inability  of  the  altered  haemoglobins  to  carry  on  the  proper  functions. 
Among  these  are  dyspnoea,  palpitations,  cyanosis,  and  unconscious- 
ness. 

Examination  of  the  blood  in  cases  of  haemoglobinaemia  may  show 
more  or  less  profound  alterations  of  the  red  corpuscles.  Their  num- 
ber is  frequently  reduced  far  below  the  normal  and  the  number  of 
"  shadow  corpuscles,"  or  of  erythrocytes  having  distinctly  less  coloring 
matter  than  normal,  may  be  very  striking.  Irregular  fragmentations 
may  be  observed,  and  Ehrlich  and  others  have  called  attention  to  the 
form  of  degeneration  of  the  red  cells  in  which  there  is  apparently 
separation  of  haemoglobin  from  the  stroma  with  the  production  of 
more  or  less  rounded  granules  or  droplets  within  the  corpuscle.  The 
amount  of  haemoglobin  in  the  blood  rapidly  decreases  in  correspond- 
ence with  the  amount  deposited  in  the  organs  or  removed  from  the 
body.  Reduction  in  the  number  of  leucocytes  may  take  place  or 
there  may,  on  the  other  hand,  be  leucocytosis.  The  alkalinity  of  the 
YoL.  VII.— 30 


466  STENGEL — DISEASES  OF  THE  BLOOD. 

blood  is  decreased  in  consequence  of  the  liberation  of  phosphoric  acid 
and  glycerin-phosphoric  acid  (Kobert). 

Blood  Poisons. — A  great  variety  of  influences  may  lead  to  de- 
struction of  the  blood  corpuscles.  These  may  be  classified  as  those 
which  simply  destroy  the  red  corpuscles  and  liberate  the  haemoglobin, 
those  which  cause  chemical  alterations,  and  those  in  which  there  is 
simultaneously  destruction  of  the  corpuscles  and  alterations  of  the 
coloring  matter. 

Among  the  causes  which  liberate  haemoglobin  from  the  corpuscles 
are  the  poisons  of  certain  venomous  snakes,  scorpions,  mushroom 
poisons,  arseniated  hydrogen,  and  a  variety  of  vegetables  containing 
poisonous  glucosides.  Excess  of  biliary  acids  in  the  blood  and  cer- 
tain infections,  among  which  malaria  and  infectious  hgemoglobin- 
uria  of  the  newborn  are  most  conspicuous,  exercise  a  similar  action. 
Haemoglobin  is  liberated  after  extensive  burns  and  in  cases  in  which 
the  blood  of  one  animal  is  introduced  by  transfusion  in  the  circula- 
tion of  another  of  different  species.  In  the  latter  case  the  foreign 
corpuscles  are  soon  destroyed  and  removed. 

Among  the  poisons  which  cause  an  alteration  of  the  haemoglobin, 
notably  to  methaemoglobin,  are  the  chlorates,  particularly  chlorate  of 
potassium,  pyrogallic  acid,  nitrobenzol,  and  anilin,  as  also  a  number 
of  compounds  such  as  antipyrin  and  acetanilid.  These  poisons  lead 
to  a  dark  discoloration  of  the  blood,  to  disturbances  of  respiration 
and  cyanosis,  and  on  examination  of  the  blood  the  spectroscopic 
peculiarities  of  methaemoglobin  are  discovered.  Elimination  of  the 
haemoglobin  by  the  urine  (methaemoglobinuria)  is  commonly  ob- 
served. The  symptoms  result  from  the  inability  of  the  methaemo- 
globin to  carry  on  the  normal  functions. 

The  poisons  of  the  third  group  form  definite  compounds  with  the 
haemoglobin,  the  oxygen  of  the  oxyhaemoglobin  being  displaced. 
Among  the  more  important  of  these  are  the  combinations  of  CO  and 
NO  with  the  haemoglobin,  occurring  in  cases  of  poisoning  by  carbonic 
oxide  or  nitrous  oxide.  As  in  the  case  of  methaemoglobin,  the  com- 
pounds formed  are  not  in  themselves  toxic,  but  the  effects  are  due  to 
the  inability  of  the  haemoglobin  to  perform  its  normal  functions. 
The  results  are  therefore  the  same  as  those  of  asphyxia.  The  blood 
in  CO-haemoglobinaemia  is  bright  red  in  color,  and  the  spectroscopic 
features  are  more  or  less  distinctive,  though  they  resemble  closely 
those  of  oxyhaemoglobin.  The  failure  of  reducing  agents  to  produce 
reduced  haemoglobin  is  in  itself  a  distinguishing  feature  of  the  con- 
dition ;  but  further  evidence  is  furnished  by  the  addition  to  the  blood 
of  ten-per-cent.  solution  of  caustic  soda,  which  causes  a  cinnabar-red 
color,  while  oxyhaemoglobin  under  the  same  circumstances  becomes 
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brownisli-greeu.     The  combinations  of  H.,S  or  CN  with  haemoglobin 
occur  iu  poisoning  by  sulphuretted  hydrogen  and  cyanogen. 


Paroxysmal   Haemoglobinuria. 

Definition. — This  affection  is  characterized  by  the  discharge  of 
urine  containing  haemoglobin  or  meth^emoglobin  in  paroxysms  of 
variable  duration  and  occurring  after  more  or  less  "svell-marked  excit- 
ing causes.  The  nature  of  the  disease,  however,  remains  entirely 
obscure. 

HiSTOEY. 

The  disease  was  described  by  Stewart  in  1794.  Subsequently 
Dressier  in  Germany  spoke  of  it  under  the  title  of  intermittent  al- 
huminuria  and  chromaturia,  and  Harley  in  1865  described  it  as  inter- 
mittent hcematuria.  The  term  iDaroxysmal  liceraatinuria  was  applied 
by  Pavy. 

Etiology. 

It  occurs  at  all  ages,  though  it  is  rather  more  frequently  met  -^ith 
iu  adults.  The  male  sex  seems  less  strongly  predisposed  than  the 
female  sex,  although  the  former  is  more  commonly  exposed  to  the 
exciting  causes.  Acquired  or  congenital  syphilis  seems  to  play  an 
important  part  in  the  predisposition,  and  the  disease  has  been  noted 
quite  frequently  in  persons  who  had  suffered  severely  with  malaria 
or  were  much  reduced  by  long-standing  diseases  of  various  kinds. 
The  most  imjjortant  of  the  exciting  causes  is  exposure  to  cold.  It 
has  long  been  recognized  that  the  application  of  excessive  cold,  such 
as  freezing  mixtures,  to  even  limited  parts  of  the  surface  of  the 
body  may  produce  hsemoglobinuria  in  otherwise  healthy  persons.  It 
would  seem  that  individuals  suffering  with  this  disease  are  much  more 
susceptible  and  that  exposures  which  ordinarily  would  occasion  little 
disturbance  are  capable  of  bringing  on  attacks.  In  some  indiAiduals 
exposure  plays  a  much  less  prominent  role,  while  over-exercise  and 
particularly  severe  strains  lasting  for  a  short  time  invariably  excite 
a  paroxysm.  This  has  been  frequently  observed  in  soldiers.  The 
combination  of  ovei'work  and  exposure  and  particularly  exposure  to 
cold  water  is  especially  potent.  Sometimes  none  of  these  influences, 
however,  seems  operative,  and  the  attacks  are  determined  only  by 
emotional  disturbances,  such  as  anger  or  fright,  or  by  excessive 
mental  or  emotional  strains. 
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Pathogenesis. 


Practically  notliing  is  known  regarding  tlie  nature  of  this  disease. 
The  supposition  has  been  entertained,  and  is  one  which  naturally 
suggests  itself,  that  paroxysmal  hsemoglobinuria  is  akin  to  the  toxic 
and  infectious  hsemoglobinurias  referred  to  in  the  chapter  devoted  to 
hsemolytic  poisons.  There  has,  however,  been  no  proof  of  this  view, 
and  the  apparent  frequency  of  the  disease  in  malarious  countries  is 
probably  largely  due  to  errors  in  diagnosis,  malarial  black-water- 
fever  having  been  mistaken  for  the  disease  under  consideration.  A 
diminished  resistance  and  a  liability,  therefore,  to  destruction  of 
the  red  corpuscles  were  assumed  by  Ehrlich  and  others  in  view  of  the 
fact  that  the  application  of  cold  to  a  finger  congested  by  a  bandage 
caused  local  haemolysis.  It  may  be  urged,  however,  against  this  view 
that  certain  individuals  present  the  disease  in  whom  exposure  to  cold 
has  never  played  a  part,  and  Ehrlich  himself  has  subsequently  aban- 
doned his  view  regarding  the  diminished  resistance  of  the  corpuscles. 
Chvostek  found  that  the  isotonic  strength  of  the  red  corpuscles  is 
entirely  normal,  and  that  the  mere  influence  of  cold  was  of  no  conse- 
quence. In  a  case  under  my  own  observation  the  isotonicity  varied 
from  0.46  to  0.48,  and  was  therefore  normal. 

Latterly  the  opinion  has  gained  ground  that  paroxysmal  hsemo- 
globinuria  is  dependent  upon  nervous  influences  acting  upon  the 
vasomotor  system.  This  view  was  originally  put  forward  by  Mack- 
enzie and  has  latterly  been  defended  by  Murri  and  others.  Chvostek 
has  held  that  there  is  a  diminished  resistance  of  the  corpuscles  not 
to  cold  but  to  mechanical  influences,  and  he  believes  the  disease  to 
be  the  consequence  of  circulatory  disturbances,  and  particularly 
contraction  of  the  peripheral  vessels  with  stagnation  of  the  blood 
in  the  internal  organs  following  disturbances  of  innervation.  His 
experimental  investigations  would  seem  to  give  considerable  sup- 
port to  this  view.  The  occurrence  of  paroxysmal  hsemoglobinuria 
in  persons  subject  to  attacks  of  Raynaud's  disease  is  a  further  point 
in  favor  of  the  view  that  neurotic  disturbances  of  the  circulation  are 
important. 

Symptoms. 

The  onset  of  the  attack  may  be  entirely  without  premonition.  In 
many  cases,  however,  the  patient  experiences  unusual  sensations  of 
fatigue,  languor,  or  the  like,  and  the  attack  itself  is  ushered  in  with 
rigors  or  chills  and  with  elevation  of  the  temperature.  Frequently 
the  temperature    remains  normal  throughout.     Headaches,  loss  of 


PAROXYSMAL  H.EMOGLOBINURIA.  469 

appetite,  vomiting,  and  sometimes  dianhoea  may  be  met  with, 
and  tiie  characteristic  symptom,  the  passage  of  port- wine  colored 
urine,  soon  manifests  itself.  The  quantity  of  the  urine  may  .  be 
normal  or  decreased ;  sometimes  it  is  greatly  increased  in  amount. 
Examination  shows  the  presence  of  a  coagulable  albuminous  body 
and  spectroscopic  examination  reveals  the  absorption  bands  of 
methiemoglobin.  In  seven  cases  studied  by  Haliburton  this  was  the 
only  pigment  discovered  in  three,  while  in  the  four  remaining  cases 
oxyhiemoglobiuuria  appeared  in  the  latter  hours  of  the  attacks. 
Serum-albumin  may  occur  in  greater  or  less  abundance  in  association 
with  the  haemoglobin.  Microscopical  examination  of  the  urine  dis- 
covers few  or  no  coriDUScles,  but  not  rarely  small  masses  or  concre- 
tions of  granular  blood  pigment  are  discovered,  and  the  cellular  ele- 
ments of  the  urine  may  show  considerable  pigmentation. 

The  liver  and  the  spleen  are  frequently  enlarged,  and  the  patient 
may  complain  of  pain  in  the  loins  and  back. 

The  duration  of  the  attacks  is  very  variable ;  sometimes  they  last 
but  a  fow  hours,  in  other  cases  several  days.  The  intei-vals  between 
the  attacks  may  be  considerable  in  duration — months  or  even  years. 
In  other  cases  there  may  be  several  in  a  single  day. 

Alterations  of  the  Blood. — The  mass  of  the  blood  would  seem  to 
be  increased  during  the  paroxysms,  especially  during  the  rigor  at  the 
onset  (Grawitz).  The  plasma  is  light  red  in  color,  showing  the 
presence  of  dissolved  haemoglobin.  Occasionally  marked  alterations 
of  the  red  corpuscles  may  be  met  with.  Among  these  the  shadow 
corpuscles  of  Ponfick  are  particularly  interesting  and  significant; 
fragmented  red  corpuscles  are  much  less  frequently  observed.  The 
haemoglobin  is  rapidly  reduced  in  amount  during  the  attack.  The 
leucocytes  are  little  altered.  Hayem,  Salle,  and  others  have  found 
increased  coagulability. 

Diagnosis. 

The  recognition  of  this  disease  is  usually  attended  with  little 
difficulty.  It  is  easily  distinguished  from  hsematuria  by  the  absence 
of  blood  corpuscles  on  microscopical  examination.  In  tropical  coun- 
tries severe  haemoglobinuria  due  to  malarial  infection  is  to  be  distin- 
guished by  the  examination  of  the  blood,  by  the  effect  of  ti'eatment, 
and  by  the  history  of  the  case. 

Other  forms  of  infection  and  toxic  hsemoglobinuria  are  usually 
attended  by  much  more  violent  general  manifestations,  and  the 
clinical  historv  readilv  establishes  the  diagnosis. 
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Prognosis. 

Tlie  prognosis  of  tlie  disease  as  far  as  life  is  concerned  is  always 
good,  some  cases  persisting  for  many  years  without  apparent  in- 
fluence upon  tlie  general  health.  In  a  recent  case  under  my  own 
observation  the  patient  had  been  subject  to  the  paroxysms  for  eight 
or  ten  years,  and  sufi'ered  only  with  the  inconvenience  of  temporary 
attacks.  • 

Treatment. 

The  treatment  of  this  condition  is  most  unsatisfactor3^  A  careful 
study  of  the  case  may  reveal  the  causes  which  are  most  likely  to  pro- 
voke attacks  and  the  removal  of  these  causes  may  lead  to  the  cessa- 
tion of  the  disease.  In  particular  exposure  to  cold  should  always  be 
avoided,  woollen  clothing  should  be  worn  next  to  the  skin  at  all 
seasons  of  the  year,  and  overexercise  or  nervous  disturbances  must 
be  controlled  as  far  as  possible.  During  the  attacks  the  patient 
should  be  put  to  bed  and  should  be  induced  to  drink  rather  large 
quantities  of  water  or  hot  drinks.  In  cases  in  which  a  syphilitic 
history  is  obtained  antisyphilitic  treatment  is  advisable,  while  in 
malarial  climates  quinine  in  moderate  doses  m.aj  be  advisable.  It 
is  doubtful,  however,  whether  the  latter  remedy  exercises  any  in- 
fluence upon  true  paroxysmal  hgemoglobinuria.  After  the  attacks 
the  administration  of  tonics  and  particularly  of  arsenic  is  advisable.  " 

PURPURA. 

Synonym. — Morbus  hsemorrhagicus. 

Definition. 

The  term  purpura,  derived  from  purpureus,  purple,  is  used  to 
designate  a  group  of  conditions  marked  by  hemorrhages  of  greater  or 
less  extent  in  the  skin  and  unaccompanied  by  definite  disturbances 
of  the  general  health.  Purpuric  eruptions  occur  in  the  skin  in  vari- 
ous general  diseases,  but  these  are  usually  referred  to  as  secondary 
purpuric  manifestations  or  as  secondary  or  symptomatic  purpura,  to 
distinguish  them  from  the  instances  in  which  the  dominating  condi- 
tion in  the  clinical  picture  is  the  purpuric  state. 

Etiology  and  Nature. 

Hemorrhages  in  the  skin  and  spontaneous  bleeding  from  the 
mucous  surfaces  may  occur  under  a  great  variety  of  conditions  which 
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it  is  necessary  to  consider  somewhat  at  length  that  a  more  exact  under- 
standing of  the  limitations  of  the  term  purpura  may  be  obtained.  A 
number  of  writers  (Du  Castel,  Mackenzie,  Mathieu,  Legg,  andKraus) 
have  classified  the  purpuric  diseases  in  a  more  or  less  similar 
manner,  attempting  to  find  some  scheme  which  would  conform  with 
the  known  pathological  data.  Following  this  idea  we  vaaj  distin- 
guish purpuric  hemorrhages  due  to  mechanical,  toxic,  nervous,  or 
infectious  influences. 

Jlcchanical  Purpuric  Conditions. — Not  rarely  in  the  course  of 
diseases  marked  by  great  cardiac  weakness  and  in  conditions  in 
which  local  obstructions  of  the  circulation  have  occurred,  extravasa- 
tions take  place  in  the  skin  of  the  extremities  or  in  other  parts.  In 
such  instances  the  nature  of  the  purpuric  manifestations  is  easily 
comprehended.  An  instance  of  this  kind  will  sufiice.  A  man  of 
fortj^-five  3'ears  recently  came  under  my  observation  with  evidences 
of  extreme  cardiac  asystole,  Avith  marked  orthopnoea,  cyanosis  of  the 
lips,  and  cold  extremities.  Soon  after  his  admission  to  the  hospital 
hemorrhagic  extravasations  made  their  appearance  on  the  legs,  and 
increased  in  number  and  extent  until  the  legs  and  thighs  presented 
the  appearance  of  universal  livid  mottling.  The  spots  were  purple 
in  color  and  did  not  disappear  on  pressure.  At  first  the  ecchymoses 
were  petechial,  but  later  they  assumed  a  somewhat  arborescent  form, 
seemingly  surrounding  the  branches  of  superficial  veins.  The  exam- 
ination of  the  heart  revealed  evidences  of  mitral  stenosis  and  regurgi- 
tation. At  first  it  was  thought  that  the  hemorrhages  might  be  em- 
bolic and  due  to  malignant  endocarditis ;  but  the  subsequent  changes 
in  the  extravasations  and  the  autopsy  showed  that  they  were  entirely 
mechanical,  though  perhaps  some  previous  toxic  alterations  of  the 
vessel  walls  might  have  occurred  and  rendered  the  rupture  of  the 
vessels  easy. 

Mechanical  purpura  of  still  more  undoubted  character  is  some- 
times seen  to  result  from  massage  in  persons  having  a  thin  skin  and 
rather  hairy  surface,  or  in  cases  in  which  ecchymoses  appear  upon 
the  limbs  in  consequence  of  the  obstruction  of  circulation  resulting 
from  varicose  veins. 

In  the  same  group  may  be  placed  the  purpura  of  the  aged  or 
purpura  senilis.  In  these  cases  hemorrhages  occur  in  the  skin  of  the 
legs  and  arms  or  elsewhere,  without  the  least  disturbance  of  the 
health  before,  during,  or  after  the  attack.  Doubtless  the  changes  of 
involution  in  the  vessels  (senile  atrophy)  or  atheroma  together  with 
retarded  circulation  play  an  important  part  in  such  cases.  In  a 
measure  such  cases  are  toxic,  as  doubtless  the  vascular  changes  are 
frequently  the  result  of  slowly  developed  toxic  disturbances,  but  at 
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the  time  of  the  hemorrhage  the  manifestations  are  mechanical  in 
character. 

Toxic  Purpuric  Conditions. — The  simplest  and  best  known  cases 
of  this  group  are  those  in  which  purpuric  hemorrhages  follow  im- 
mediately upon  some  form  of  drug  intoxication  {purpura  medica- 
mentosa). Among  the  substances  capable  of  causing  these  results  are 
phosphorus,  iodine,  iodide  of  potassium,  the  salts  of  mercury, 
nitrate  of  silver,  chloral,  chloroform,  kairin,  antipjrin,  and  many 
other  medicinal  agents.  An  instance  of  this  kind  having  striking 
features  came  under  my  observation  a  few  years  since.  A  woman 
suffering  with  uraemia  presented  a  marked  purpuric  eruption  and 
bled  profusely  from  the  gums  and  other  mucous  surfaces  of  the 
mouth,  some  time  after  the  uraemic  manifestations  had  subsided 
and  quite  soon  after  she  had  received  large  doses  of  calomel 
(gr.  XV.)  as  a  diuretic.  The  case  was  not  clearly  one  of  toxic 
(medicinal)  purpura,  but  it  was  highly  suggestive.  The  local  or 
distant  purpuric  hemorrhages  which  occur  after  poisoning  with 
the  venom  of  serpents,  scorpions,  or  other  animals  need  only  be 
alluded  to. 

Another  group  of  cases  is  of  much  greater  clinical  and  patho- 
logical interest — that  in  which  the  hemorrhages  are  among  the  effects 
of  intoxication  with  poisons  generated  by  the  activity  of  micro- 
organisms or  by  other  processes  within  the  human  body  itself.  It 
is  difficult  to  estimate  the  extent  to  which  the  toxins  are  active  in  the 
hemorrhages  which  occur  in  various  infections  diseases,  but  certainly 
it  is  the  chemical  poisons  and  not  the  bacteria  themselves,  in  at  least 
some  of  the  cases.  Experimentally  it  has  been  proved  repeatedly 
and  for  various  forms  of  bacterial  products  that  they  are  capable  of 
producing  hemorrhages.  In  these  cases  acute  degenerative  lesions 
of  the  blood-vessels  or  of  the  tissues  immediately  adjacent  to  the 
vessel  walls  are  the  first  effect  of  the  intoxication,  the  hemorrhages 
being  a  secondary  result.  Doubtless  in  some  instances  alterations  in 
the  blood  itself  are  first  occasioned  and  this  may  be  an  important 
contributing  cause  of  the  hemorrhages,  but  the  tendency  of  the 
present  time  is  rather  towards  the  view  that  vascular  and  tissue 
changes  are  more  important  than  alterations  in  the  blood.  Tissue 
destruction  and  perhaps  also  blood  destruction  under  the  influence 
of  bacterial  poisons  may,  however,  lead  to  thrombosis  in  the  smaller 
vessels  (white  thrombi,  hyaline  thrombi)  and  thus  to  secondary 
mechanical  hemorrhages. 

A  third  group  of  toxic  purpura  is  that  which  occurs  in  various 
chronic  or  cachectic  diseases  {purpura  cachectica).  Instances  of  this 
character  are  seen  in  cases  of  carcinoma,  chronic  nephritis,  syphilis. 
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amyloid  disease,  and  hepatic  affections  attended  with  biliary  poison- 
ing; and  perhaps  it  is  proper  to  include  the  hemorrhages  of  -qbt- 
nicious  annemia,  Hodgkin's  disease,  and  leukaemia.  In  all  of  these 
diseases  apparently  spontaneous  hemorrhages  may  occur  in  the  skin 
or  elsewhere,  and  in  the  analysis  of  the  probable  causes  it  would 
appear  most  likely  that  toxic  agents  acting  first  upon  the  blood-vessels 
are  the  important  etiological  factors.  In  some  of  the  conditions 
named  (nephritis,  syphilis,  amyloid  disease)  changes  in  the  blood- 
vessels are  well  known  and  the  cause  is  quite  generally  recognized  to 
be  poisons  generated  in  the  course  of  the  disease ;  in  the  other  forms 
of  marantic  or  cachectic  purpura  a  similar  pathogenesis  may  be  as- 
sumed in  many  instances.  It  is  not  unlikely,  however,  that  obstruc- 
tion of  the  vessels  by  thrombi  or  by  cellular  masses  (leukaemia)  may 
contribute  to  the  occurrence  of  the  hemorrhages  in  certain  in- 
stances. 

Infectious  Purpuric  Conditions. — That  many  instances  of  purpura 
(using  this  term  in  its  broadest  descriptive  sense)  are  infectious  has 
long  been  recognized.  Allusion  need  only  be  made  to  the  hemor- 
rhagic manifestations  occurring  in  some  cases  of  scarlatina,  measles, 
small-pox,  typhoid  fever,  anthrax,  and  other  infectious  fevers.  To 
these  cases  the  distinguishing  terms,  purpura  scarlatinosa,  morhihsa, 
variolosa,  etc.,  have  been  applied,  and  the  cause  of  the  hemorrhage 
is  recognized  to  be  the  infectious  agent  in  the  several  diseases  or  the 
chemical  products  of  these.  The  modern  teaching  of  bacteriology 
leads  to  a  ready  acceptance  of  hemorrhages,  of  greater  or  less  extent, 
as  lesions  common  and  quite  significant  in  nearly  all  forms  of  infec- 
tion. Experimental  proof  of  this  fact  was  furnished  as  early  as  1822 
by  Gaspard,  who  showed  that  purpuric  manifestations  could  be 
caused  by  injections  of  putrid  matter.  In  recent  years  observations 
of  this  nature  have  been  repeated  in  everj'  laboratory,  not  only  with 
putrid  materials  but  also  with  pure  cultures  of  various  bacteria.  In 
addition  to  these  facts  and  approaching  more  closely  to  the  present 
subject,  experimental  evidence  has  not  been  wanting  that  purpuric 
manifestations  may  be  caused  in  animals  -by  direct  inoculation  with 
blood  from  affected  persons.  Thus  Ceci  among  others  injected  the 
blood  of  a  woman  presenting  indefinite  symptoms,  together  with 
purpuric  manifestations,  into  animals,  and  was  thus  able  to  reproduce 
the  hemorrhagic  phenomena. 

Finally,  direct  bacteriological  examinations  have  shown  the  pres- 
ence of  various  forms  of  micro-organisms  in  cases  presenting  the 
clinical  features  of  purpura  haemorrhagica,  either  with  or  without 
antecedent  local  diseases.  Among  the  instances  in  which  the  pur- 
pura has  associated  itseK  with  other  diseases  may  be  noted  cases  of 
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malignant  endocarditis,  pseudomembranous  or  suppurative  forms 
of  pharyngitis  and  tonsillitis,  various  forms  of  local  suppurations,  as 
abscess,  cellulitis,  suppurative  osteomyelitis,  phthisis  with  cavi- 
ties, suppurations  of  the  umbilicus  in  the  newborn,  and  the  like. 
Among  the  organisms  detected  in  such  cases  the  most  frequent  have 
been  streptococci,  staphylococci,  pneumococci,  and  the  bacillus  pyo- 
cyaneus.  Instances  of  this  kind  are  generally  classed  as  cases  of 
secondary,  symptomatic,  or  infectious  'purpura,  in  contradistinction 
from  the  forms  in  which  no  antecedent  disease  is  recognized  and 
in  which  the  term  primary  or  idiopathic  'purpura  is  used.  The 
latter,  however,  are  undoubtedly  in  most  if  not  all  cases  infectious 
in  nature,  as  may  be  determined  from  the  nature  of  the  lesions 
observed,  the  evident  widespread  character  of  the  systemic  affec- 
tion, the  clinical  course  of  the  disease,  and  the  direct  evidence  of 
bacteriology.  Of  the  lesions  the  hemorrhages  are  most  significant, 
as  in  experimental  forms  of  infection,  and  the  distribution  of  the 
disease  evidently  follows  the  vascular  system  in  all  parts  of  the  body. 
The  onset  of  the  disease  after  prodromal  symptoms  of  variable  dur- 
tion  and  the  clinical  manifestations  are  further  evidences  of  the  na- 
ture of  the  condition,  while  in  some  instances  local  epidemics  and  even 
probable  contagiousness  have  been  observed.  An  interesting  in- 
stance favoring  the  last  point  was  reported  by  Lingen.  A  pig  w^as  taken 
ill  with  "Irish  purpuric  disease,"  exhibiting  purpuric  spots  on  its 
belly,  face,  and  nose  before  its  death.  A  servant  girl  who  attended  to 
the  pig  was  attacked  with  febrile  symptoms  and  was  ill  several  weeks, 
while  the  owner  of  the  pig  had  suffered,  presenting  large  purpuric 
spots  on  the  loins  and  thighs,  and  smaller  ones  elsewhere.  The 
cowman  died  in  three  days  of  a  similar  attack.  Instances  of  this 
character  might  be  multiplied ;  but  sufficient  is  known  regarding  these 
conditions  to  lead  to  the  firm  conviction  that  purpiira  is  an  infectious 
disease  or  group  of  diseases,  the  source  of  infection  being  obscure ; 
that,  in  other  words,  it  represents  a  form  of  cryptogenetic  sepsis. 
Further  investigations  may  clear  up  the  question  of  the  original 
source,  but  hitherto  bacteriological  studies  have  been  successful  only 
in  discovering  micro-organisms  in  the  blood  and  in  the  tissues.  In 
several  cases  studied  by  Kolb  short  thick  bacilli,  pathogenic  for  mice, 
were  discovered  in  the  blood  and  tissues,  and  somewhat  similar  organ- 
isms were  found  by  Tizzoni  and  Giovanni,  Victor  Babes  and  others. 
Letzerich  described  bacilli  resembling  the  anthrax  bacillus  in  ap- 
pearance. Klebs,  who  was  one  of  the  first  to  develop  the  idea  of  in- 
fection, found  a  round  body  which  he  termed  "Monas  hsemor- 
rhagicum,"  in  cases  of  "haemophilia  of  the  newborn."  More  recently 
micrococci,  especially  streptococci,  have  been  foand  by  a  number  of 
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investigators,  including  Ceci,  de  Grimard,  Guamieri,  Cheyne,  Bohrer 
and  Hlava,  Vassale,  and  others. 

It  must  be  admitted  then  that  micro-organisms  play  the  most 
prominent  role  in  the  development  of  purpuric  conditions  of  various 
kinds.  In  some  instances  there  are  definite  antecedent  conditions  to 
which  the  infection  may  be  traced,  and  the  term  secondary  purpura 
may  be  applied  to  such.  In  other  cases  the  sepsis  is  cryptogenetic, 
and  for  the  present  we  must  be  content  to  accept  the  clinical  classi- 
fication of  primary  infectious  purpura. 

The  manner  of  action  of  the  bacteria  in  question  remains  in  doubt, 
though  in  some  cases  definite  lesions  have  been  determined  in  the 
blood-vessels.  Among  these  changes  Babes  has  found  hyaline  de- 
generation of  the  walls  of  the  vessels ;  Wilson  and  Grainger  Stewart 
amyloid  degeneration;  Hayem  and  others  proliferative  or  desqua- 
mative endarteritis  or  similar  processes  in  the  capillaries,  leading  to 
local  weakening  or  to  obstruction  with  consequent  overdistention  and 
rupture  on  the  proximal  side.  Accumulation  of  leucocytes  or  hyaline 
thrombosis  has  been  observed  by  Hayem,  Ollivier,  and  Ranvier,  and 
bacterial  embolism  is  doubtless  very  frequently  the  immediate  cause 
of  hemorrhage.  It  was  demonstrated  by  Cheyne,  Baumgarten,  and 
others,  and  is  commonly  observed  in  experimental  investigations. 
The  local  weakening  of  the  vessel  walls  or  the  distention  on  the 
proximal  side  of  the  obstruction  may  be  the  immediate  cause  of 
hemorrhage  in  these  cases.  The  tendency  at  the  present  time,  how- 
ever, is  to  ascribe  important  functions  to  the  chemical  products  of 
bacterial  growth,  and  without  doubt  degenerative  weakness  of  the 
blood-vessels  is  often  produced  by  the  toxins. 

Nervous  Purpuric  Covditions. — The  influence  of  the  nervous  sys- 
tem in  the  production  of  hemorrhage  has  long  been  recognized  by 
clinicians.  In  this  connection  the  interesting  condition  known  as 
stigmatization  is  important.  A  number  of  celebrated  instances  of 
this  have  been  reported  and  carefully  studied,  while  innumerable  in- 
stances of  less  striking  character  have  been  observed.  It  occurs  in 
neurotic  and  mostly  ecstatic  persons  and  is  marked  by  the  occurrence 
of  hemorrhage  from  the  unbroken  skin  in  the  situations  corresponding 
to  those  of  the  wounds  at  the  crucifixion.  During  the  jjeriods  when 
the  manifestations  present  themselves  the  patients  are  usually  in  a 
state  of  great  excitation  or  ecstasy,  and  the  occurrence  of  the  attacks 
bears  a  close  relation  to  the  neurotic  state  of  the  individual.  Accord- 
ing to  Garres  the  first  instance  of  this  kind  was  that  of  St.  Francis  of 
Assisium,  who  was  born  in  1186  and  died  in  1236.  In  1224  the  most 
notable  attack  occurred,  and  in  celebration  of  this  occurrence  Pope 
Benedict  XI.  made  the  17th  of  September  the  Feast  of  the  Holy 
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Stigmata.  Anotlier  case  occurred  in  1242  near  Cologne,  that  of 
Christine  de  Stumbele.  The  most  celebrated  cases,  however,  are 
those  of  Palma  d'Oria  (born  in  1805)  and  Louise  Lateau  (born 
in  1850).  Palma  d'Oria  had  seen  the  latter  in  one  of  her  attacks, 
which  began  in  1868,  and  became  affected  herself  in  1871.  The 
frequency  of  the  condition  is  evidenced  by  the  fact  that  Imbert- 
Gourbeyre  collected  one  hundred  and  fifty-three  instances;  and  in 
the  literature  of  the  last  ten  years  I  have  noted  a  number  of  distinct 
cases. 

Aside  from  these  remarkable  cases  neurologists  have  frequently 
called  attention  to  the  hemorrhages  occurring  in  areas  in  which 
neuralgic  pains  have  existed,  and  to  the  occurrence  of  hemorrhages 
in  the  painful  crises  of  various  nervous  diseases.  Further,  it  is 
not  infrequent  to  find  large  or  small  hemorrhages  in  the  stomach 
or  lungs  in  cases  of  cerebral  hemorrhage,  epileptiform  convul- 
sions, and  other  nervous  affections  involving  the  brain.  These 
conditions  have  been  particularly  studied  by  Jahn,  Charcot,  Schiff, 
and  Ebstein,  and  Schiff  in  particular  showed  that  hemorrhages 
in  the  stomach  could  be  induced  by  injury  of  certain  parts  of  the 
brain.  It  is  undoubtedly  true  that  nervous  influences  may  determine 
hemorrhages  in  the  skin  or  elsewhere,  but  it  is  scarcely  probable  that 
such  influences  are  of  importance  in  cases  of  purpura. 

Having  considered  the  various  etiological  factors  that  may  have 
influence  in  the  occurrence  of  spontaneous  hemorrhages,  it  remains  to 
classify  somewhat  more  systematically  the  hemorrhagic  diseases  as 
they  present  themselves  to  the  clinician.  At  the  present  time  it  is 
possible  to  establish  only  partly  satisfactory  groups.  All  of  the 
cases  may  be  divided  into  secondary  and  primary  forms.  Among 
the  first  are  infectious,  mechanical,  and  toxic  cases,  including  in  the 
first  subdivision  the  purpuric  forms  of  scarlet  fever,  small-pox,  etc. ; 
in  the  second  the  purpuric  conditions  of  cardiac  disease,  atheroma, 
and  the  like;  and  in  the  third  the  form  occurring  in  jaundice,  cachex- 
ias, etc.  A  neurotic  form  might  be  included,  but  in  cases  of  ner- 
vous disturbances  the  hemorrhages  are  rarely  of  distinctly  purpuric 
type.  Of  the  primary  forms  of  purpura  there  are  the  purely  toxic  or 
medicinal  purpuras  in  which  the  poisons  are  introduced  from  with- 
out the  body ;  and  second,  forms  due  to  septic  infection  and  intoxi- 
cation and  in  which  mechanical  or  nervous  influences  may  aid  in 
determining  the  seat  and  extent  of  the  manifestations.  A  third 
form  (haemophilia)  is  probably  due  to  congenital  disease  of  the 
vessels  or  blood,  and  its  manifestations  are  therefore  of  a  mechanical 
nature. 
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To  classify  these  forms  in  tabular  manner  we  may  construct  the 
following  scheme : 

A.  Secondary  Purpuric  Conditions. 

1.  Infectious :    Scarlatina,  variola,  typhoid,  etc. ;  infectious 

haemophilia  of  the  newborn ;  septic  purpura  in  pseu- 
domembranous pharyngitis,  cellulitis,  osteomyelitis, 
etc. 

2.  Mechanical:    Cardiac,   atheromatous,     purpuric    ecchy- 

raoses  in  phlebectasia,  mechanical  embolism,  etc. 

3.  Toxic:  Autointoxications;  jaundice,  pernicious  anaemia, 

cachexia. 

4.  Nervous :  Hysteria,  lesions  of  the  brain,  etc. 

B.  Primary  Purpuric  Conditions. 

1.  Septic  infection  and  intoxication:  Cryptogenetic  infec- 

tion; purpura,  scurvy. 

2.  Toxic  (purpura  toxica  et  medicamentosa) :  Snake-venom, 

iodine,  mercurj'",  etc. 

3.  Mechanical:  Hsemophilia. 

Finally,  it  remains  to  consider  the  clinical  classification  of  the 
form  of  primary  purpura  which  we  assume  to  be  of  the  nature  of 
cryptogenetic  sepsis.  This  term  or  subdivision  includes  the  condi- 
tions ordinarily  termed  purpura ;  and  doubtless  it  msLj  be  asserted 
that  a  number  of  distinct  forms  of  disease  are  included  or  that,  in 
other  words,  purpura  is  a  term  (even  in  the  restricted  application 
here  given  to  it)  designating  symptom  groups  rather  than  definite 
diseases.  Willan  included  four  groups:  Purpura  simplex,  purpura 
hsemorrhagica,  purpura  urticans,  and  purpura  senilis.  This  classi- 
fication, however,  is  inapplicable  at  the  present  time.  The  distin- 
guishing feature  of  purpura  urticans  is  too  slight  to  warrant  the  use 
of  this  term  to  designate  a  special  group ;  while  senile  purpura  is 
either  a  secondary  purpuric  condition  traceable  to  distinct  antecedent 
conditions  (atheroma,  cachexia,  etc.),  or  it  may  be  included  with 
purpura  simplex.  For  practical  purposes  we  laaj  consider  three 
forms :  one  in  which  the  purpuric  eruption  is  the  dominating  symp- 
tom, a  second  in  which  joint  manifestations  are  conspicuous,  and  a 
third  characterized  by  free  hemorrhages.  To  these  the  terms  pur- 
pura simplex,  purpura  rheumatica,  and  purpura  hsemorrhagica  may 
be  applied ;  but  attention  is  once  more  called  to  the  fact  that  no  sharp 
dividing  line  can  be  drawn,  and  that  in  all  Kkelihood  each  group 
may  contain  difi^erent  forms  of  infection,  some  of  which  resemble 
those  of  another  group,  though  differing  from  those  of  its  own  clinical 
subdivision. 

The  attempt  has  been  made  to  include  scurvy  and  haemophilia 
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with  purpura.  The  former  of  these  conditions  is  undoubtedly  close- 
ly allied  to  some  of  the  cases  of  primary  purpura,  but  its  manifesta- 
tions are  sufficiently  marked  to  warrant  its  retention  as  a  distinct 
clinical  entity.  In  hsemophilia  evidence  is  wanting  to  show  that  it 
bears  close  relations  with  either  scurvy  or  primary  purpura,  and  for 
the  present  we  must  look  upon  it  as  a  disease  dependent  upon  some 
congenital  deficiency  of  the  vascular  mechanism  or  of  the  blood.  It 
will  now  be  necessary  to  consider  the  individual  forms  of  purpura 
separately. 

Purpura  Simplex. 

Etiology, 

The  special  etiology  of  this  form  of  purpura  is  obscure.  It  oc- 
curs quite  commonly  in  anaemic  and  ill-developed  individuals  and 
sometimes  makes  its  appearance  during  convalescence  from  diseases 
which  have  depressed  the  vitality  greatly.  Graves  pointed  out  the 
association  with  diarrhoea,  and  in  some  instances  evidences  of  the 
rheumatic  diathesis  are  obtained.  Purpuric  eruptions  occur  in  the 
aged  and  among  the  insane  with  considerable  frequency  and  may  be 
classed  as  purpura  simplex  rather  than  with  other  forms,  though  the 
special  term,  purpura  senilis,  has  been  applied  to  the  form  occurring 
in  the  aged.  In  these  instances  small  purpuric  spots  appear  upon 
the  extremities  or  upon  the  body  from  time  to  time,  and  are  unac- 
companied by  other  manifestations.  It  is  quite  likely  that  the  eti- 
ology in  such  instances  is  very  different  from  that  of  the  purpura 
occurring  in  younger  individuals  and  in  those  apparently  in  good 
health. 

Symptoms. 

Purpura  simplex  is  characterized  by  the  development  of  small 
petechige  occurring  upon  the  legs  or  other  parts  of  the  body.  These 
are  usually  very  small  in  size  and  discrete,  though  occasionally  they 
become  confluent  and  cover  considerable  areas  of  the  skin.  The  sur- 
face is  as  a  rule  entirely  smooth,  no  elevation  of  the  skin  at  all  ap- 
pearing at  the  seat  of  the  lesion  [purpura  maculosa).  Sometimes  the 
infiltration  of  blood  is  more  considerable  and  elevation  of  the  surface 
takes  place,  small  papules  being  thus  formed  {purpura  papulosa). 
Occasionally  urticarial  wheals  are  also  seen,  but  these  are  more  fre- 
quent in  the  form  of  purpura  next  to  be  described. 

The  eruption  of  purpura  simplex  generally  begins  upon  the  ex- 
tensor surfaces  of  the  legs  near  the  ankles,  but  in  severe  cases 
spreads  to  the  thighs,  to  the  trunk,  and  to  the  arms.     The  face  is 
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rarely  involved.  The  spots  are  at  first  bright  red  in  color  and  do 
not  disappear  on  pressure.  Subsequently  they  change  to  a  dark- 
brownish  color,  then  to  a  green,  and  finally  to  a  yellow,  the  altera- 
tions in  color  resembling  those  seen  in  the  "  black-and-blue"  marks 
of  bruises.  In  rare  instances  small  vesicles  may  form  and  may  con- 
tain either  a  clear  serous  or  a  sanguiuolent  fluid. 

In  many  cases  the  patient  presents  no  other  symi:)tom  and,  excejjt- 
ing  the  appearance  of  the  erui^tion,  no  suspicion  of  illness  would  be 
entertained.  In  other  cases  there  is  a  mild  febrile  movement  together 
with  some  disturbance  of  digestion  and  general  weakness.  The  appe- 
tite is  poor,  the  patient  is  easily  fatigued,  and  increasing  pallor  may 
be  noted.  Slight  swelling  of  the  joints  is  sometimes  obsers'ed,  but 
this  is  more  characteristic  of  the  next  form  to  be  described,  purpura 
rheumatica.  The  examination  of  the  blood  shows  no  characteris- 
tic features,  and  this  fluid  may  appear  to  be  entirely  normal  to  the 
ordinary  clinical  examination. 

Course  a^b  Prognosis. 

The  eruption  may  occur  in  a  single  crop  and  the  disease  may 
terminate  without  further  manifestations.  More  commonly  repeated 
crops  of  eruption  are  observed  and  the  duration  is  thus  protracted. 
As  a  rule  a  single  attack  occupies  only  a  few  days  or  a  week  or  two 
at  most,  but  relapses  are  not  infrequent  and  the  patients  may  suffer 
repeated  attacks,  lasting  for  months  or  even  years.  As  a  rule  the 
prognosis  is  entirely  favorable.  Cases,  however,  have  been  observed 
in  which  the  disease  has  occurred  abruptly,  has  run  a  rapid  course 
and  terminated  fatally  in  from  one  to  four  days.  Such  cases,  how- 
ever, are  more  commonly  of  the  type  of  purpura  heemorrhagica  under 
which  title  they  will  be  more  fully  described. 

Purpura  Rheumatica. 

Synojiym. — Peliosis  rheumatica  (Schonlein). 

Definition, 

This  condition  is  characterized  by  a  purpuric  eruption  upon  the 
skin,  by  moderate  fever  and  painful  swellings  of  the  joints,  and  some- 
times by  sore  throat  or  abdominal  colic. 

Etiology. 

The  disease  is  especially  frequent  in  the  male  sex  and  as  a  rvde 
affects  individuals  between  the  ages  of  fifteen  and  thirty -five  years. 
Delicate  icdividuals  and  those  whose  vitality  has  been  lowered  by 
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previous  diseases,  such  as  a  malaria,  tuberculosis,  and  other  chronic 
affections,  seem  particularly  predisposed,  though  it  may  make  its 
appearance  in  persons  apparently  healthy.  It  is  more  frequent  in 
the  vrinter  months  and  seems  to  be  more  common  in  cold  climates 
than  in  warmer  regions. 

The  names  applied  to  the  disease  indicate  its  supposed  relation- 
ship with  rheumatism.  In  some  instances  a  distinct  rheumatic  his- 
tory is  obtained  and  patients  who  have  suffered  with  attacks  of 
rheumatism  may  subsequently  present  purpura  rheumatica.  This, 
however,  is  by  no  means  invariably  the  case.  In  two  instances  under 
my  own  observation  there  had  been  no  evidence  of  rheumatism  and 
not  even  a  tendency  to  tonsillitis.  In  another  case,  however,  the  de- 
velopment of  the  disease  followed  immediately  upon  an  attack  of  ton- 
sillitis. In  the  same  connection  it  is  interesting  to  note  that  some 
authorities  have  classed  cases  of  malignant  endocarditis  with  purpuric 
eruption  of  the  skin  as  instances  of  purpura  rheumatica,  but  such 
a  view  is  no  longer  entertained.  It  is  impossible  to  determine  at  the 
present  time  whether  or  not  this  disease  actually  bears  a  direct  etio- 
logical relationship  to  rheumatism,  since  in  neither  disease  specific 
causes  have  been  discovered.  It  caimot,  therefore,  be  asserted  that 
they  are  identical  in  etiology,  though  it  is  likely  that  both  result 
from  allied  forms  of  infection  and  possibly  often  from  the  same  in- 
fective cause. 

Eichhorst  refers  to  a  case  of  purpui'a  rheumatica  in  association 
with  gonorrhoea,  and  Litten  has  recently  called  attention  to  the  same 
condition.  Such  cases  must  be  looked  upon  as  instances  of  symp- 
tomatic infectious  purpura.  In  women  the  disease  sometimes  makes 
its  appearance  just  before  the  menses. 

Pathological  ANATOirr. 

The  lesions  met  with  in  purpura  rheumatica  are  of  indefinite  char- 
acter. Hemorrhages  are  found  beneath  the  skin  and  occasionally  the 
internal  organs  may  show  punctate  extravasations.  The  joints  con- 
tain clear  synovial  liquid,  while  the  synovial  membranes  themselves 
are  congested  or  infiltrated  with  extra vasated  blood.  Small  hemor- 
rhages have  been  found  in  the  muscles,  but  larger  extravasations  of 
blood  are  not  observed. 

Symptoxs. 

The  onset  is  usually  gradual.  A  prodromal  period  of  several  days 
to  several  weeks  generally  precedes  the  more  acute  symptoms  of  the 
disease.  The  jjatient  becomes  weak  and  depressed,  suffers  with  a 
mild  febrile  movement,  and  complains  of  loss  of  appetite.     Occasion- 
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ally,  as  in  the  case  already  noted,  the  disease  begins  with  the  ordinary 
manifestations  of  sore  throat.  The  actual  onset  of  the  disease  itself  is 
marked  by  stififuess  and  pain  in  the  muscles  and  by  pain  in  the  joints. 
The  ankle  and  the  knee  joint  are  usually  first  affected  and  these  alone 
may  be  involved.  The  affected  parts  become  swollen  and  often  are 
reddened  and  hot,  the  appearance  of  the  joints  being  that  seen  in  the 
milder  forms  of  acute  articular  rheumatism.  The  swelling  and  other 
manifestations  about  the  joint  usually  remain  localized  throughout 
the  attack,  and  when  other  joints  are  affected  those  first  involved  are 
uninfluenced  by  the  secondary  extensions. 

Coincidently  with  the  affection  of  the  joints  or  sometimes  after 
the  latter,  a  purpuric  eruption  appears  upon  the  skin,  this  being 
more  common  upon  the  extensor  surface  of  the  legs,  as  in  the  case  of 
purpura  simplex.  In  the  cases  under  my  own  observation  the  erup- 
tion has  been  most  abundant  in  the  vicinity  of  the  affected  joints,  but 
it  may  extend  to  a  considerable  part  of  the  entire  surface  of  the  body. 
The  lesions  are  usually  small,  petechial  in  character,  and  do  not,  as  a 
rule,  show  any  tendency  to  become  confluent.  Occasionally,  how- 
ever, confluence  is  observed,  and  large  patches  the  size  of  a  dollar  or 
even  as  large  as  the  palm  of  the  hand  may  develop.  Not  rarely  the 
skin  between  the  purpuric  spots  is  elevated  and  cedematous,  forming 
urticarial  wheals,  this  association  of  urticaria  and  purpura  having  re- 
ceived the  name  of  purpura  urticans.  In  other  cases  nodular  infiltra- 
tions indistinguishable  from  erythema  nodosum  may  be  observed,  or 
the  lesions  of  erytliema  eociidativum  may  be  combined  with  the  pete- 
chial eruption.  Vesicles  may  form  upon  the  surface,  especially  in 
cases  in  which  the  petechiae  are  confluent  and  blebs  of  considerable 
size  filled  with  clear  or  with  bloody  liquid  may  be  thus  occasioned 
{pemphigoid  jmrpura ) . 

CEdema  of  the  feet  and  ankles  is  frequently  seen  and  sometimes 
reaches  a  considerable  degree.  In  other  cases  cedematous  swelling 
is  obsen'ed  about  the  face  or  in  the  loose  cellular  tissues  of  other 
parts.  The  term /eirfZe  purpuric  oedema  has  been  applied  to  cases  in 
which  considerable  oedema,  especially  about  the  face,  has  been  asso- 
ciated with  the  febrile  form  of  purpura. 

The  general  condition  of  the  patient  is  usually  one  of  depression. 
The  appetite  is  poor  and  anaemia  is  developed  with  considerable 
rapidity.  The  temperature  usually  ranges  from  99^  to  103 ^  but  is 
irregular  in  type  and  may  disappear  before  the  other  symptoms  of 
the  disease  have  subsided.  Gastrointestinal  disturbances  may  make 
their  appearance,  though  they  are  usually  mild,  except  in  the  form  of 
purpura  in  children,  presently  to  be  described;  the  urine  is  fre- 
quently albaminous,  but  actual  nephritis  is  uncommon. 
YoL.  VII.— 31 
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Complications. 

Cardiac  lesions  have  occasionally  been  observed  as  in  the  case  of 
Musser  and  Osier,  in  which  endopericarditis  was  associated  and  in 
which  the  suspicion  at  first  arose  that  the  case  was  one  of  ulcerative 
endocarditis  with  extensive  infarcts  in  the  skin.  Inflammatory  com- 
plications of  the  other  serous  membranes  are  unusual.  Hemorrhages 
upon  the  mucous  surfaces  are  usually  absent,  but  occasionally  ecchy- 
moses  have  been  seen,  and  Kaposi  records  an  instance  in  which 
hemorrhagic  extravasations  followed  by  gangrene  were  seen  in  the 
mucous  membrane  covering  the  palate.  Still  more  rarely  large 
hemorrhages  from  the  mucous  surfaces  (such  as  hsematuria,  epistaxis, 
and  the  like)  have  been  recorded.  Such  cases,  however,  belong  more 
properly  in  the  group  of  purpura  hsemorrhagica. 

Course  and  Prognosis. 

The  duration  of  the  disease  is  extremely  variable.  Sometimes 
after  a  week  or  two  the  purpuric  manifestations  and  the  swelling  of 
the  joints  subside,  and  the  patient  recovers  completely.  In  other 
cases  a  protracted  convalescence  may  be  noted,  and  relapses  are  prone 
to  occur  if  the  patient  leaves  his  bed  too  early  or  engages  at  once  in 
his  usual  occupations.  Sometimes  repeated  relapses  cause  a  contin- 
uance of  the  disease  for  months  or  years.  The  prognosis  is  usually 
favorable  excepting  when  definite  complications  have  developed. 

Diagnosis. 

The  characteristic  symptoms  of  this  form  of  purpura  are  the  pe- 
techial eruptions,  the  swelling  of  the  joints,  the  tendency  to  urti- 
caria, and  the  fever.  In  some  cases,  as  in  the  one  already  alluded  to, 
it  may  be  difficult  to  exclude  malignant  endocarditis.  In  this  affection 
swelling  of  the  joints  with  tenderness  and  purpuric  eruptions  are  not 
uncommon,  but  the  existence  of  a  distinct  cardiac  lesion  and  the 
secondary  development  of  purpura  usually  render  the  diagnosis 
easy. 

The  diagnosis  from  rheumatism  is  made  by  the  manifest  purpuric 
character  of  the  affection,  by  the  distinct  prodromal  symptoms,  and 
by  the  fact  that  the  joint  manifestations  are  usually  much  less  severe 
and  much  less  prone  to  pass  from  joint  to  joint  than  is  the  case  in 
true  rheumatism.  The  extreme  sweating  of  rheumatism  is  less  prone 
to  occur,  and  cardiac  complications  are  much  more  unusual. 
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Henoch's  Disease. 

Henoch  has  described  a  form  of  purpuric  disease  which  occurs 
in  children  more  commonly  than  in  adults,  and  which  may  with 
greater  propriety  be  included  under  the  head  of  purpura  rheumatica 
than  with  any  of  the  other  forms. 

It  is  characterized  by  marked  gastrointestinal  symptoms,  by  slight 
swelling  of  the  joints,  by  purpura,  and  b}-  renal  symjjtoms.  The  ab- 
dominal symptoms  are  usually  extremely  severe.  Vomiting  and 
diarrhoea  are  nearly  always  j)resent,  and  extreme  gastric  pains  coming 
on  paroxysmally  and  sometimes  with  especial  severity  at  night  give 
the  disease  its  most  striking  characteristics.  The  purpuric  eruption 
occurs  in  the  form  of  small  petechias  or  as  purpura  urticans  and  the 
ecchymoses  as  a  rule  make  their  appearance  in  separate  crops  at  in- 
tervals of  one  or  more  days.  The  older  spots  sometimes  fade  to  a 
yellowish  color  before  the  more  recent  ones  have  made  their  appear- 
ance. Occasionally  the  diarrhoea  assumes  the  character  of  melaena. 
The  abdomen  is  swollen  and  becomes  extremely  tender.  The  urine 
is  nearly  always  albuminous  and  may  contain  abundant  casts  and 
blood.  Death  may  occur  after  a  short  time  or  the  disease  may  be 
protracted,  the  patient  eventually  succumbing  to  the  repeated  intes- 
tinal attacks  or  to  the  nephritis. 

Purpura  Haemorrhagica. 

Synonym. — Morbus  macnlosusWerlhofii. 

History  aistd  Definitign. 

This  disease  was  described  by  AVerlhof  in  1775,  though  previous 
observations  had  been  made  by  Zeller  in  1694,  and  probably  by 
others  at  stiU  earlier  periods.  The  disease  is  characterized  by  spon- 
taneous hemorrhages  affecting  the  skin  as  in  all  of  the  forms  of  pur- 
pura, but  in  addition  the  mucous  membranes  and  the  internal  surfaces 
are  involved,  and  more  or  less  extensive  hemorrhages  from  the  mu- 
cous tracts  are  commonly  observed. 

Etiology. 

It  occurs  more  frequently  in  women  than  in  men,  and  as  a  rule  in 
young  persons.  It  is  ordinarily  considered  to  be  a  very  rare  disease 
in  the  newborn,  though  hemorrhagic  manifestations  in  children  are 
not  unusual.     Dreschler  observed  the  disease  in  a  child  of  five  months 
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and  Dolirn  is  stated  to  liave  seen  it  in  a  newborn  infant.  In  a  child 
aged  four  days,  under  my  own  observation,  extensive  hemorrliages 
occurred  in  the  skin,  the  mucous  membrane,  and  the  internal  organs, 
and  the  child  died  of  excessive  hemorrhages  from  the  stomach  and 
bowels.  There  were  no  evidences  of  septic  infection  and  bacterio- 
logical examination  of  the  tissues  gave  negative  results.  Such  cases 
may  be  grouped  T\dth  the  infectious  hcemophilia  of  the  newhorn  of 
Klebs  and  others,  but  may  with  equal  or  perhaps  greater  propriety 
be  described  as  forms  of  hemorrhagic  purpura. 

The  previous  health  exercises  no  definite  influence  upon  the  oc- 
currence of  purpura  hsemorrhagica,  though  the  disease  is  supposed  to 
occur  more  frequently  in  those  of  delicate  constitution  or  in  persons 
weakened  by  disease.  Like  the  other  hemoiThagic  diseases,  it  ap- 
pears to  be  more  frequent  in  northern  countries  and  along  the  sea 
coasts,  and  the  attacks  are  more  frequent  during  the  colder  parts  of 
the  year. 

The  surroundings  of  the  patient  are  of  considerable  importance. 
Individuals  exposed  to  cold,  living  in  damp  houses,  subjected  to  bad 
diet,  and  particularly  such  as  are  crowded  in  institutions,  like  alms- 
houses, prisons,  or  asylums,  suffer  in  their  general  vitality  in  a 
manner  that  renders  them  more  liable  to  the  disease  than  are  those 
whose  surroundings  are  entirely  comfortable  and  sanitary. 

Occasionally  the  disease  occurs  in  the  convalescence  of  infectious 
disease,  such  as  typhoid  fever,  scarlet  fever,  and  malaria,  and  among 
the  diseases  supposed  to  predispose  to  its  occuiTence  syphilis  and 
tuberculosis  may  be  enumerated. 

Various  toxic  agencies,  such  as  iodide  of  potassium,  preparations 
of  mercury,  phosphorus,  silver  and  other  mineral  poisons,  some- 
times give  rise  to  manifestations  resembling  those  of  idiopathic 
hemorrhagic  purpura. 

Infection. — Reference  has  ah'eady  been  made  in  the  general  re- 
marks upon  purpura  to  the  likelihood  of  all  of  these  forms  of  disease 
being  infectious  in  nature.  This  is  particularly  the  case  in  purpura 
hemorrhagica,  and  organisms  have  been  found  in  the  blood  and  in 
the  tissues  by  a  number  of  observers.  No  definite  and  specific  bac- 
terium has,  however,  been  isolated,  and  it  is  doubtful  whether  the 
infection  in  all  cases  is  the  same. 

Pathological  Axatomt. 

The  organic  changes  in  this  affection  are  by  no  means  character- 
istic. The  internal  organs  are  frequently  pale  when  the  loss  of  blood 
has  been  considerable  enough  to  produce  general  anaemia.     The  most 
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striking  lesious  are  the  small  or  large  petechia},  or  extensive  extravasa- 
tions, the  color  varying  from  a  bright  red  to  a  light  brown  or  yellow- 
ish-green. The  subcutaneous  tissues,  the  intermuscular  seijta,  and 
the  periosteum  of  the  bones  in  contradistinction  to  the  conditions 
found  in  scurvy  are  ordinarily  free  of  extravasations,  though  small 
punctuate  hemorrhages  in  the  muscles  are  sometimes  observed.  The 
mucous  membranes  are  rarelj^  free,  and  in  the  mouth  there  may  be 
more  or  less  extensive  infiltrations  affecting  the  gums  or  other  parts  of 
the  mucosa.  The  serous  surfaces  usually  present  petechial  ecchy- 
moses,  but  larger  effusions  or  inflammatory  changes  are  cjuite  un- 
usual. The  spleen  and  the  lymphatic  glands  are  often  enlarged  and 
may  contain  an  excess  of  blood  pigment,  the  latter  being  particularly 
true  of  the  h'mph  glands  in  the  vicinity  of  hemorrhagic  extravasa- 
tions. 

The  blood  itself  presents  no  distinctive  featiires.  After  large 
hemorrhages  there  is,  of  course,  a  reduction  in  the  number  of  red 
blood  corpuscles,  and  this  may  be  of  considerable  amount.  At  the 
same  time  moderate  leucocytosis  develoi)S  as  in  other  cases  of 
hemorrhage.  In  two  of  my  cases  the  relative  excess  of  lymphocytes 
was  quite  striking.  Ordinarily  when  the  hemorrhages  have  not  been 
severe,  the  number  of  red  corpuscles  is  from  2,500,000  to  4,000,000; 
after  excessive  hemorrhages  the  number  may  fall  as  low  as  1,000,000 
or  even  less.  The  haemoglobin  is  usually  reduced  more  strikingly 
than  the  number  of  corpuscles,  and  particularly  is  this  noted  during 
the  stage  of  convalescence  since,  as  in  other  conditions,  the  corpuscles 
regenerate  more  rapidly  than  the  haemoglobin  (Kahler,  Otto). 

Symptoms. 

The  onset  of  hemorrhagic  purpura  is  often  extremel}'  abrupt  and 
violent.  In  one  of  my  cases  in  which  two  distinct  outbreaks  occurred 
with  an  interval  of  several  years  intervening,  the  first  symptom  was 
furious  epistaxis  which  exsanguinated  the  patient  and  reduced  him  to 
the  last  degree,  and  was  preceded  by  no  manifestation  or  premonition 
of  any  kind. 

In  many  cases,  however,  prodromal  symijtoms  are  present,  and,  as 
Letzerich  has  pointed  out,  this  stage  of  the  disease  may  be  of  consid- 
erable duration.  Among  the  SA'mjjtoms  noted,  weakness  and  loss  of 
appetite  are  generally  the  most  frequent.  The  patient  may,  how- 
ever, complain  of  gastric  pain,  heaviness  after  eating,  evidences  of 
disturbed  digestion,  constipation,  febrile  attacks,  or  nervous  disturb- 
ances such  as  vertigo,  ringing  in  the  ears,  and  the  like.  The  pro- 
dromal stage,  however,  is  never  marked  by  pronounced  symptoms. 
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Tlie  first  distinct  evidence  of  tlie  disease  is  usually  the  occurrence 
of  hemorrliages  in  the  skin.  These  appear  on  the  legs  or  the  ankles, 
and  especially  upon  the  extensor  surfaces,  and  later  involve  the  thighs, 
the  arms,  the  buttocks,  and  the  trunk.  The  face  is  rarely  involved. 
The  eruptive  process  occurs  in  the  form  of  small  petechi^e  or  of  larger 
ecchymoses.  The  pressure  of  the  clothing  or  traumatism  may  deter- 
mine more  extensive  extravasations;  and  sometimes,  either  sponta- 
neously or  following  injury,  considerable  masses  of  extravasated  blood 
may  collect  in  and  beneath  the  skin.  The  entire  surface  may  be 
covered  and  the  skin  may  acquire  a  curious  mottled  appearance,  es- 
pecially in  the  later  stages  when  the  changes  in  color  characteristic 
of  extravasated  blood  have  made  their  appearance. 

Urticaria,  such  as  occurs  in  rheumatic  purpura,  and  vesicles  or 
blebs  may  form  upon  the  surface ;  sometimes  the  extravasated  blood 
undergoes  suppurative  change,  and  necrosis  or  gangrene  of  the  skin  is 
occasionally  seen. 

The  mucous  membranes  are  affected  with  about  equal  frequency 
and  usually  at  about  the  same  time  as  the  skin.  The  commonest  and 
often  the  first  symptom  is  epistaxis,  the  loss  of  blood  in  this  manner 
sometimes  being  enormous.  The  nasal  mucous  membrane  usually 
presents  ecchymotic  extravasations  even  in  cases  in  which  actual 
hemorrhage  from  the  nose  has  not  occurred.  The  mucous  mem- 
brane of  the  mouth  is  frequently  involved  and  the  gums  may  become 
violaceous  in  color  and  show  considerable  swelling,  but  the  actual 
necrosis  or  ulceration  observable  in  scurvy  is  rarely,  if  ever,  present 
in  purpura  hsemorrhagica.  Hsematemesis  and  hemorrhages  from  the 
bowel  are  not  uncommon,  and  may  be  attended  by  decided  gastro- 
intestinal disturbances.  Hsematuria  has  been  observed  and  is  some- 
times the  only  manifestation  of  the  hemorrhagic  tendency,  as  in  the 
form  of  renal  purpura  hsemorrhagica  described  by  Senator. 

Hemorrhages  upon  the  serous  surfaces  and  into  the  serous  sacs 
may  occasion  marked  symptoms.  Yery  frequently  the  joints  become 
swollen  and  somewhat  painful,  the  knee-joint  and  elbow-joint  being 
particularly  prone  to  be  affected.  Considerable  inflammatory  change 
in  the  joints,  however,  is  rare. 

Hemorrhages  into  the  membranes  of  the  brain  sometimes  occa- 
sion violent  cerebral  symptoms,  such  as  unconsciousness,  epilepti- 
form attacks,  and  localized  or  widespread  palsy. 

Extravasations  of  blood  may  occur  in  the  conjunctiva,  the  retina, 
or  the  choroid.  These  may  occasion  no  disturbance  of  vision  even 
though  quite  extensive ;  but,  on  the  other  hand,  considerable  amau- 
rosis is  observed  in  some  instances. 

The   general   condition   of  the  patient  may  be  little  disturbed. 
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Sometimes  indeed  tlie  lack  of  general  symptoms  is  most  remark- 
able despite  the  occurrence  of  severe  and  protracted  hemorrhages. 
Usually,  however,  pallor  and  weakness  with  increasing  anaemia  are 
observed  and  the  patient  complains  of  cardiac  palpitations,  of  dysp- 
noea, and  of  a  feeling  of  faintness  on  slight  exertion.  Actual  syncope 
is  not  uncommon  and  is  ascribable  to  the  reduction  in  the  blood  mass 
and  the  weakened  circulation  consequent  upon  the  excessive  hemor- 
rhages. The  temperature  may  be  normal  or  subnormal  throughout 
the  entire  attack,  but  in  most  instances  slight  elevations  of  temper- 
ature are  observed  from  time  to  time,  and  occasionally  the  degree  of 
fever  is  considerable,  amounting  to  103^  or  even  105'.  Albuminuria 
is  often  discovered,  but  tube  casts  and  other  evidences  of  nephritis 
are  unusual.  Physical  examination  of  the  heart  and  of  the  circu- 
latory system  generallj^  reveals  some  enlargement  of  the  cardiac 
chambers  and  functional  murmurs  may  be  heard  at  the  base  of  the 
heart ;  while  humming  murmurs  in  the  veins  and  visible  pulsation  of 
the  veins  are  nearly  always  observed  in  instances  in  which  the  loss 
of  blood  has  been  considerable. 

Purpura  Falminans,  Henoch. 

A  form  of  purpiu^a  hemorrhagica  of  violent  character,  to  which 
allusion  has  previously  been  made,  is  appropriately  considered  in  this 
place.  This  form  of  purpura,  as  the  name  indicates,  is  extremely 
acute  in  its  onset  and  rapid  in  its  course.  Hemorrhages  occur  with 
particular  frequency  in  the  skin  in  the  form  of  ecchymoses  which 
tend  to  become  confluent,  and  as  hard  infiltrations.  Vesicles  and 
blebs  filled  with  clear  serum  or  hemorrhagic  fluid  not  rarely  form 
upon  the  surface,  and  sloughing  of  the  skin  may  sometimes  occur 
when  the  disease  is  of  sufficient  duration  to  permit  of  this  change. 
The  internal  organs  are  rarely  affected  and  hemorrhages  fi'om  the 
mucous  membrane  are  unusual,  probably  because  the  rapidity  of  the 
disease  gives  too  little  time  for  the  full  development  of  the  hemor- 
hagic  manifestations.  Fever  may  be  absent,  but  in  most  cases  it  is 
present  and  sometimes  it  reaches  unusual  degrees.  Examination  of 
the  urine  usually  shows  the  presence  of  albumin.  The  cases  run  a 
rapid  course  and  prove  fatal  in  from  one  to  four  or  five  days. 

In  most  instances  the  disease  is  idiopathic,  but  occasionally  it 
arises  in  association  with  pneumonia,  scarlet  fever,  and  other  infec- 
tious processes. 

Course. 

The  duration  of  the  ordinary  form  of  purpura  haemon-hagica 
varies  greatly.     The  individual  attacks  usually  occupy  from  two  to 
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five  weeks,  but  tlie  course  of  the  disease  may  be  much  more  pro- 
tracted by  the  occurrence  of  relapses,  and  the  entire  duration  may  be 
one  of  many  months.  Frequently  the  same  individual  is  affected  at 
intervals  of  several  months  or  years,  his  condition  in  the  intervening 
time  being  apparently  entirely  normal.  The  cases  of  purpura  ful- 
minans  to  which  reference  has  already  been  made  prove  fatal  in  a  few 
hours  or  days. 

Complications  and  Sequels. 

Complications  upon  the  part  of  the  internal  organs  have  already 
been  referred  to.  The  most  important  are  those  arising  from  the 
hemorrhages  into  serous  cavities.  Pneumonia  and  oedema  of  the 
lungs  may  be  the  immediate  cause  of  death  in  some  instances. 
Among  the  sequelae  palsies  resulting  from  the  hemorrhages  into  the 
membranes  of  the  brain  are  sometimes  observed.  Fagge  refers  to 
the  occurrence  of  visceral  sarcoma  following  the  disease. 

Diagnosis. 

The  recognition  of  purpura  haemorrhagica  is  never  difficult.  It 
is,  however,  a  matter  of  considerable  difficulty  to  distinguish  certain 
specific  affections  in  which  purpuric  manifestations  are  met  with, 
from  simple  purpura  hsemorrhagica.  In  recent  years  a  number  of 
instances  have  been  recorded  of  acute  leukaemia  and  acute  pseudo- 
leukaemia  in  which  the  onset  of  the  disease  was  marked  by  the  clinical 
manifestations  of  purpura  haemorrhagica,  and  the  cases  have  been  re- 
corded as  instances  of  this  disease  until  the  examination  of  the  blood 
or  the  development  of  specific  lesions  in  the  lymphatic  apparatus 
have  made  the  differential  diagnosis  possible.  The  examination  of 
the  blood  in  these  cases  usually  establishes  the  diagnosis  of  leukaemia, 
though  this  disease  may  begin  with  the  stage  in  which  the  excess 
of  leucocytes  is  not  observed.  Pseudoleukaemia  beginning  in  the 
form  of  purpura  haemorrhagica  offers  greater  difficulties,  and  the 
diagnosis  can  only  be  made  by  the  discovery  of  distinct  enlargements 
of  the  glands  or  of  the  spleen. 

From  purpura  simplex  and  purpura  rheumatica  the  diagnosis  is 
made  by  the  fact  that  the  hemorrhages  in  the  disease  under  consider- 
ation are  more  severe  and  in  particular  by  the  occurrence  of  large 
hemorrhages  from  the  mucous  membranes.  In  addition  to  this  the 
manifest  disease  of  the  joints  of  purpura  rheumatica  is  usually  ab- 
sent in  the  hemorrhagic  form,  though  some  enlargement  and  tender- 
ness of  the  joints  may  be  observed.  The  distinction  from  scorbutus 
can  be  made  by  the  absence  of  changes  in  the  gums,  and  by  the  fact 
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that  deep-seated  Lemorrhages,  especially  those  in  the  muscles,  in 
the  intermuscular  tissues,  and  in  the  flexures  of  the  joints  are  usually 
absent  in  purpura  haamorrhagica. 

Tlio  differential  diagnosis  between  haemophilia  and  this  disease 
sometimes  offers  great  difficulty.  Particular  attention  will  be  called 
in  the  discussion  of  hiemophilia  to  the  form  of  spontaneous  hemor- 
rhage occurring  in  the  newborn,  and  affecting  the  gastrointestinal 
tract,  the  skin,  the  umbilicus,  and  the  mucous  membrane  of  the  nose 
as  well  as  other  parts,  and  in  which  a  history  of  a  hemorrhagic 
diathesis  cannot  be  obtained.  Such  instances  have  variously  been 
termed  hemorrhagic  disease  of  the  newborn,  infectious  haemophilia, 
and  the  like.  In  the  clinical  manifestations  tliej^  resemble  pur- 
pura hiemorrhagica  and  cannot  be  readily  distinguished  from  this 
condition.  They  are  distinguished  from  haemophilia,  however, 
hy  absence  of  the  hereditary  tendency,  and  by  the  fact  that 
hemorrhages  from  the  umbilicus  are  more  frequently  met  with 
than  in  the  latter  disease  and  that  jaundice  is  more  commonly 
observed. 

Certain  of  the  acute  infectious  diseases  at  times  make  their  appear- 
ance with  violent  hemorrhagic  manifestations  and  cannot  easily  be 
distinguished  from  hemorrhagic  purpura.  Among  these  small-pox, 
scarlatina,  diphtheria,  and  typhoid  fever  may  be  noted.  In  one  in- 
stance of  the  last-named  disease  under  my  own  observation  death  oc- 
curred from  severe  epistaxis  and  haematemesis  in  the  early  part  of  the 
second  week  of  the  disease  and  before  the  symptoms  had  been  dis- 
"rinctive.  The  post-mortem  examination  alone  determined  the  exist- 
ence of  typhoid  fever,  the  lesions  being  unmistakable. 

Occasionally  toxic  purpura  resembles  the  idiopathic  disease  in 
every  particular,  as  in  one  case  in  which  the  disease  developed  in  a 
patient  suffering  with  uraemic  manifestations  after  the  subsidence  of 
the  latter,  and  apparently  in  consequence  of  excessive  doses  of  calomel 
used  for  their  diuretic  action.  The  history  of  such  cases  alone  can  ^ 
establish  the  probable  cause  of  the  manifestations. 

Prognosis. 

The  prognosis  must  always  be  made  with  extreme  care.  It  is  im- 
possible to  determine  beforehand  in  a  given  case  what  the  progress 
of  the  disease  will  be.  The  most  extensive  hemorrhages  frequently 
occur  without  the  slightest  warning.  In  all  cases,  however,  in  which 
severe  hemorrhage  has  begun  or  in  which  high  fever  and  profound 
constitutional  depression  are  present,  the  prognosis  is  most  unfavor- 
able. 
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Treatment. 

The  treatment  of  purpura  is  "unfortunately  most  unsatisfactory. 
In  persons  who  have  passed  through  one  attack,  recurrences  may 
perhaps  be  avoided  by  attention,  in  the  minutest  detail,  to  all  of  the 
laws  of  health.  The  diet  should  be  carefully  regulated,  the  patient 
should  seek  a  comfortable  home,  exposure  to  cold,  overwork,  and 
stimulants  must  be  avoided,  and  in  particular  the  slightest  tendency 
to  bleeding  should  cause  him  to  take  to  his  bed  at  once.  After  the 
development  of  the  disease  the  patient  must  be  kept  absolutely  at 
rest,  as  the  slightest  attempts  at  movement  or  at  getting  up  from  bed 
may  determine  serious  hemorrhage.  The  diet  must  be  light  and 
nutritious  and  should  be  altered  according  to  the  features  of  the  in- 
dividual case.  Stimulants  should  be  avoided.  The  administration 
of  mild  laxatives  is  always  called  for  incases  in  which  there  is  no 
tendency  to  constipation,  and  even  if  the  bowels  are  regular  it  may 
be  advisable  to  administer  gentle  laxatives.  Sometimes  acidulous 
drinks,  particularly  such  as  are  made  with  dilute  sulphuric  acid,  seem 
to  be  useful  on  account  of  the  hemostatic  action  of  the  acids  em- 
ployed. 

The  control  of  the  hemorrhage  by  medicinal  agents  is  difficult  or 
impossible.  Various  remedies  such  as  ergot,  acetate  of  lead,  per- 
oxide of  iron,  oil  of  turpentine,  and  the  like  have  been  employed,  but 
their  influence  is  exceedingly  doubtful.  None  of  them  should  be  em- 
ployed where  any  danger  exists  of  disturbance  of  the  gastrointestinal 
tract  due  to  their  administration.  Perfect  rest  and  compression  in 
case  of  hemorrhages  from  exposed  surfaces'  are  more  efficacious  than 
medicinal  agents.  Perhaps  some  of  the  methods  recently  suggested 
for  increasing  coagulability  of  the  blood,  locally  or  in  general,  may 
prove  useful  in  this  condition.  The  administration  of  chloride  of 
calcium  or  of  other  calcium  salts  should  be  tried  and  in  a  few  in- 
stances recorded  has  seemed  to  be  of  use.  The  local  application  of  fib- 
rin ferment  in  solutions  of  chloride  of  calcium  (Wright)  or  of  "zy mo- 
plastic  substances"  (Alexander  Schmidt)  may  prove  useful.  (See 
Haemophilia.) 

After  the  cessation  of  the  hemorrhages  tonics  must  be  adminis- 
tered and  the  condition  of  the  blood  requires  attention.  Quinine,  nux 
vomica,  and  other  stomachics  together  with  nutritious  diet  and  life  in 
the  open  air  serve  to  improve  the  general  condition,  while  iron  and 
arsenic  are  useful  for  the  condition  of  the  blood. 
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Scurvy. 


Synonym. — Scorbutus. 


Definition. 


Scurvy  is  a  subacute  or  chronic  disease  occurring  in  persons  o_ 
depraved  vitality',  the  result  of  improper  or  insufficient  diet  or  of  un- 
sanitary surroundings,  and  marked  by  characteristic  symptoms,  in- 
cluding hemorrhages  into  the  skin  and  deeper  tissues,  progressive 
weakness,  anaemia  and  emaciation,  and  particularly  by  inflammatory 
and  ulcerative  conditions  of  the  gums.  Though  it  is  undoubtedly  in- 
timately connected  with  disturbances  of  nutrition,  it  is  quite  probable 
that  the  disease  is  essentially  an  infection.  The  micro-organism, 
however,  has  not  as  j'et  been  isolated. 

History. 

Scurvy  has  undoubtedly  been  recognized  since  the  earliest  times, 
though  Ling  and  Hirsch  and  other  systematic  writers  have  been  in- 
clined to  believe  the  descriptions  given  bj''  the  older  writers  to  be 
applicable  to  other  diseases.  Notwithstanding  the  view  of  these 
authorities,  however,  it  would  seem  that  the  disease  w^as  recognized 
by  Hippocrates,  and  others  among  the  ancients  have  described  affec- 
tions which  may  be  assumed  to  have  been  scorbutic.  Plinj^  in  his 
"Natural  History"  gives  an  account  of  the  disease  as  it  occurred 
among  the  followers  of  Germanicus,  and  Strabo  refers  to  the  preva- 
lence in  the  army  of  Aellius  Gallus  of  a  form  of  disease  having  the 
features  of  scurvy,  though  the  descriptions  are  not  altogether  satis- 
factory. In  the  early  middle  ages  scurvy  was  recognized  bj^  Jacques 
deYitry  among  the  Crusaders  atDamiata;  and  Joinville  in  his  "His- 
toTj  of  Louis  IX."  refers  to  the  occurrence  of  the  disease  at  Cairo 
in  1218.  During  the  fifteenth  and  sixteenth  centuries  scurvy  fre- 
quently occurred,  though,  as  Koch  observes,  the  unscientific  and  for 
the  most  part  ignorant  practitioners  of  that  time  have  left  no  de- 
scriptions. In  later  times  the  disease  has  been  described  by  Boer- 
haave,  van  Swieten,  and  especially  by  Lind. 

The  history  of  the  various  expeditions  of  discovery  to  America 
and  to  northern  seas  as  well  as  those  to  India  furnish  numerous  ex- 
amples of  the  prevalence  of  scurvy  among  seafaring  men.  It  is  re- 
lated that  a  hundred  of  one  hundred  and  sixty  sailors  accompanying 
Vasco  da  Gama  died  when  the  expeditions  was  rounding  the  Cape  of 
Good  Hope.     The  disease  has  been  particularly  common,  however. 
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in  later  times  among  the  mariners  in  Arctic  explorations  and  until 
comparatively  recent  years  scurvy  lias  formed  one  of  the  greatest  ob- 
stacles to  successful  expeditions. 

Etiology. 

The  essential  cause  of  scorbutus  is  still  a  matter  of  much  doubt, 
though  the  conditions  which  favor  its  development  are  now  quite  well 
recognized.  It  is  pre-eminently  a  disease  dependent  upon  unsanitary 
surroundings  and  prevails  at  the  present  dsbj  in  all  parts  of  the  world 
(for  instance,  Eussia,  Roumania,  and  the  East)  in  which  sanitary  laws 
are  but  little  observed.  In  former  times  it  was  frequently  met  with 
in  prisons,  in  crowded  hospitals,  asylums,  and  like  institutions  in 
which  bad  ventilation  contributed  with  other  causes  to  bring  about 
depraved  vitality  in  the  inmates.  The  history  of  military  campaigns 
furnishes  a  large  chapter  in  the  knowledge  of  the  disease,  and  among 
invading  armies,  but  particularly  among  the  people  of  besieged  cities, 
scurvy  has  often  played  sad  havoc.  Even  recently,  during  the  siege 
of  Paris,  this  disease  was  one  of  the  most  prevalent. 

From  the  earliest  times  it  has  been  recognized  that  scurvy  may  be 
either  endemic  or  epidemic,  though  formerly  the  epidemic  prevalence 
attracted  more  particular  attention.  Its  occurs  in  times  and  in  places 
favoring  the  conditions  mentioned,  though  occasionally  the  causes 
are  less  conspicuous  and  less  striking.  Sporadic  cases,  however,  oc- 
cur in  practically  all  parts  of  the  world  and  for  the  most  part  local 
conditions  may  be  found  which  have  been  favorable  to  its  develop- 
ment. Thus  in  large  prisons  and  hospitals,  almshouses,  and  the  like 
a  few  cases  may  be  found  at  almost  any  time. 

Geographical  Distribution.  — No  part  of  the  world  is  free  from  the 
disease,  though  it  appears  to  be  more  abundant  and  has  always  been 
more  prevalent  in  northern  climates  and  in  expeditions  in  cold  coun- 
tries. .  It  is  still  quite  common  in  the  northern  part  of  Russia,  and 
decided  epidemics  have  occurred  in  the  hosjDitals  of  St.  Petersburg, 
Archangel,  and  other  Russian  cities  in  recent  years. 

The  older  writers  distinguish  two  forms  of  the  disease — sea  scurvy 
and  land  scurvy,  and  an  attempt  was  made  to  establish  distinctions 
between  the  two.  This,  however,  is  now  recognized  to  be  impossible, 
since  the  two  diseases  are  essentially  and  in  every  respect  the  same. 

Season.  — The  season  of  the  year  exercises  a  double  influence.  Un- 
doubtedly the  cold  alone  bears  some  relation  to  the  development  of 
the  disease ;  but  in  addition  to  this  the  overcrowding  and  the  lack  of 
ventilation,  likely  to  occur  during  the  colder  months  or  the  period  of 
the  year  when    changeable,  raw   weather  occurs,  are    contributing 
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causes.  The  statistics  of  Hermann  establishing  the  frequency  in 
different  months  during  eighteen  successive  years  at  St.  Petersburg 
show  that  April,  May,  and  June  are  the  months  of  greatest  preval- 
ence, the  increase  in  frequency  of  the  disease  from  January  to  May 
being  gradual  and  progressive,  as  the  decrease  from  June  to  December 
is  similarly  steady.  Amberger  found  practically-  the  same  result  in 
the  analysis  of  the  cases  occurring  iu  the  four  large  hospitals  of  St. 
Petersburg  during  the  years  1871-77. 

As  there  are  months  during  which  scurvy  is  more  prevalent,  so 
also  statistical  evidence  shows  that  the  frequency-  of  the  disease  in 
different  years  varies  greatly.  Sometimes  this  has  been  dependent 
upon  unusually  rigorous  climatic  influences,  sometimes  it  has  been 
dependent  upon  widespread  famine  or  the  like.  The  statistics  of 
Hermann  show  that  the  number  of  cases  during  1868  was  far  in  excess 
of  that  observed  in  any  other  year  of  the  eighteen  years  covered  by 
his  observations,  and  Amberger's  statistics  for  the  hospitals  of  St. 
Petersburg,  extending  from  1867  to  1880,  give  a  similar  result. 

Conditions  Affecting  Individuals. — The  previous  general  health  has 
a  certain  value  in  the  occurrence  of  scurvy,  and  in  particular  over- 
work, anxiety,  and  nervous  depression  of  all  forms  contribute  largely 
to  the  development  of  the  disease.  This  is  well  illustrated  in  the 
frequency  of  the  afl^ection  among  the  besieged  in  cases  in  which  the 
general  hygiene  and  the  diet  have  suffered  but  little,  while  the 
anxiety  and  the  constant  nervous  tension  have  led  to  general  depravity 
of  the  nutrition. 

Nostalgia  is  a  frequent  cause  not  only  among  those  taking  part  in 
exjjeditions,  but  also  in  ordinary  life. 

Sex. — Sex  plays  an  inferior  part  in  the  etiology,  although  un- 
doubtedly the  disease  is  more  common  in  the  male  sex  than  in  the 
female  sex  under  much  the  same  conditions.  This  was  seen  iu  the 
late  siege  of  Paris  and  has  been  frequently  observed  under  similar 
conditions.  It  is  quite  likely,  however,  that  this  greater  prevalence 
among  the  males  is  dependent  upon  the  overwork  and  the  great 
anxiety  to  which  men  are  subjected. 

Age. — Scurvy  occurs  most  frequently  in  adults,  though  it  may  be 
met  with  in  childi'en  or  in  the  aged.  In  institutions  for  old  i^ersons 
sporadic  cases  occur  from  time  to  time  in  consequence  of  bad  denti- 
tion and  carelessness  in  diet,  despite  the  fact  that  the  surroundings 
may  be  satisfactory  in  every  respect  (Henry). 

In  recent  years  attention  has  been  called  to  the  frequency  of  scor- 
butus in  infants,  and  numerous  cases  have  been  reported  in  England, 
America,  and  on  the  Continent  of  Europe.  This,  however,  will  be 
considered  in  a  separate  section. 
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Predisposition. — Certain  diseases  sucli  as  malaria,  syphilis,  and 
dysentery  seem  to  predispose  to  the  development  of  scurvy,  as  may 
other  conditions  which  lower  the  general  vitality.  Among  these  gas- 
trointestinal disorders,  defective  dentition,  and  alcoholism  play  an 
important  part.  Occasionally  there  seems  to  be  an  hereditary  ten- 
dency to  the  development  of  the  disease,  though  it  is  difficult  to  de- 
termine how  far  this  is  only  apparent  and  in  reality  due  to  similarity 
of  surroundings,  diet,  etc. 

Diet. — The  most  imiDortant  condition,  however,  among  the  etiolog- 
ical factors  in  the  development  of  scurvy  is  diet,  to  which  attention 
has  always  been  called  by  those  who  have  investigated  the  disease. 
An  immense  amount  of  ingenious  study  and  speculation  has  been  de- 
voted to  this  question  and  the  opinions  have  varied  almost  as  greatly 
as  the  investigators  themselves.  At  different  times  it  has  been  held 
that  the  use  of  salted  meats,  of  improperly  prepared  foods,  partly 
decomposed  meat,  fish,  or  vegetables,  of  an  insufficiency  of  vegetable 
'food,  of  excess  of  fatty  food,  or  of  a  too  monotonous  diet  in  general 
is  the  essential  cause. 

At  the  present  time  it  must  be  conceded  that  improper  diet  is  the 
most  important  cause  of  the  disease,  but  it  is  most  likely  that  the 
transgression  in  diet  may  occur  in  different  directions.  Any  depart- 
ure from  the  normal  relation  of  carbohydrates,  cf  proteids,  and  fats 
continued  for  a  long  time,  or  a  general  deficiency  of  diet  may  lead  to 
the  development  of  the  disease.  Sometimes  it  has  been  found  that 
one  of  these  essential  forms  of  food  has  been  deficient,  sometimes  it 
has  been  another.  Improper  preparation  of  the  food  may  be  just  as 
potent  as  departure  from  the  normal  proportions.  The  theory  which 
has  gained  the  greatest  number  of  adherents  is  that  which  has 
ascribed  the  development  of  the  disease  to  the  lack  of  fresh  vegetables, 
and  this  theory  receives  a  considerable  amount  of  support  from  the. 
repeated  observations  that  a  resumption  of  vegetable  diet  quickly  dis- 
pels the  symptoms  of  the  disease  and  that  the  disease  is  particularly 
prevalent  in  some  sections  among  persons  who  habitually  neglect 
vegetable  diet,  as  is  the  case  with  the  bush-rangers  of  Australia. 
While  there  is  no  doubt  of  the  importance  of  these  facts,  it  is  never- 
theless true  that  scurvy  may  occur  in  persons  who  partake  of  the 
usual  quantity  of  vegetable  food,  but  whose  diet  is  of  a  monotonous 
character  or  ill  prepared.  In  children,  according  to  Ingerslev  and 
Cheadle,  the  constant  use  of  carbohydrates  is  regarded  as  important, 
while  others  have  found  that  the  overheating  of  milk  in  the  process 
of  sterilization  or  the  continuous  use  of  a  milk  of  poor  quality  has 
been  the  direct  cause. 

Another  cause  of  importance  is  the  constant  use  of  bad  drinking- 
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water,  and  it  has  been  repeatedly  observed  that  the  disease  ceased  in 
armies  or  garrisons,  in  which  it  had  been  prevalent,  after  a  change  in 
the  water-supply  and  without  any  other  regulation. 

Pathogenesis. 

Various  views  have  been  entertained  regarding  the  pathogenesis 
of  the  disease,  and  theories  having  more  or  less  probability  have  been 
constructed.  These  have  for  the  most  part  owed  their  origin  to  the 
general  belief  that  scurvy  is  the  result  of  errors  in  diet  and  in  particu- 
lar to  the  view  that  abstinence  from  certain  foods  and  exclusive  con- 
sumption of  other  kinds  are  the  essential  causes. 

One  of  the  theories  referred  to  sought  to  explain  the  disease  upon 
the  assumx)tion  that  it  results  from  excess  of  sodium  chloride  in  the 
blood  and  other  fluids  of  the  body.  Some  probability  was  lent  to 
this  opinion  by  the  frequent  occurrence  of  scurvy  among  sailors 
whose  diet  was  almost  whollj^  composed  of  salted  meats,  and  still 
more  by  the  chemical  examinations  of  the  blood,  showing  excess  of 
chloride  of  sodium.  As  for  the  excessive  consumption  of  salt,  it  has 
now  been  proved  that  this  is  by  no  means  essential  to  the  production 
of  the  disease ;  and  the  importance  of  the  second  point  (the  excess  of 
NaCl  in  the  blood)  has  been  wholly  removed  by  the  uniform  discov- 
ery of  the  same  condition  in  all  forms  of  anaemia. 

The  theory  which  has  gained  the  greatest  popularity  is  that  of 
Garrod,  who  maintained  that  the  disease  results  from  a  diminution  of 
potassium  in  the  blood  and  tissues.  The  occurrence  of  the  disease  in 
persons  abstaining  from  diet  (vegetables)  rich  in  potassium,  the  rela- 
tive increase  of  potassium  in  the  urine,  and  the  fact  that  the  blood  in 
scurvy  shows  diminution  in  the  amount  of  this  substance,  all  gave  a 
certain  amount  of  likelihood  to  the  theory.  A  searching  examination 
of  the  facts,  however,  renders  the  view  of  Garrod  improbable  in  the 
light  of  modern  investigation.  Absence  or  diminution  of  potassium 
in  the  diet  is  by  no  means  requisite  to  the  occurrence  of  the  dis- 
ease, and  the  excess  of  potassium  in  the  urine  is  relative,  not  absolute. 
As  for  the  reduction  of  the  potassium  in  the  blood,  this  is  now  rec- 
ognized as  a  constant  condition  in  all  forms  of  secondary  or  symp- 
tomatic anaemia,  and  is  therefore  of  no  particular  significance. 
There  is  no  proof  to  support  the  view  that  the  body,  as  a  whole,  suf- 
fers any  poverty  of  potassium. 

Another  chemical  theory  that  must  be  considered  as  having 
suffered  the  fate  of  those  just  mentioned  is  that  maintained  by 
Ealfe  and  others  who  hold  that  the  lack  of  malates,  citrates,  and 
lactates  in  the  diet  leads  to  a  reduction  of  the  normal  alkalinity  of 
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the  blood,  to  which  the  conversion  of  these  salts  into  carbonates 
largely  contributes. 

Infectio7i.— -Considerable  evidence  may  be  adduced  in  favor  of  the 
view  that  scurvy  is  an  infectious  disease,  though  the  absolute  proof  of 
such  a  view  remains  to  be  furnished.     Eeference  has  already  been 
made  to  the  fact  that  the  disease  occurs  in  epidemic  form.     In  such 
instances  it  is  quite  likely  that  the  surrounding  conditions  to  which 
considerable  numbers  of  people  are  subjected,  may  furnish  the  ex- 
planation of  the  simultaneous  occurrence  of  the  disease  in  different 
individuals.     This  does  not,  however,  exclude  the  activity  of  a  spe- 
cific organism  for  which  insanitary  surroundings  prepare  the  way. 
The  question  would  be  practically  settled  if  any  instance  of  direct 
contagion  could  be  cited;  but  such  an  occurrence  has  never  been 
proved,  and  the  probability  or  improbability  of  the  infectious  nature 
of  the  disease  must  rest  upon  the  consideration  of  its  course  and 
pathological  features,  and  upon  certain  more  or  less  convincing  ex- 
perimental and  bacteriological   studies.     Undoubtedly  the  clinical 
features  of  the  disease  and  in  particular  the  purpuric  and  other  hem- 
orrhages do  give  the  infectious  theory  a  certain  amount  of  credi- 
bility, as  do  also  the  generalized  character  of  the  lesions    and  the 
nature  of  some  of  the  lesions  in  themselves.     More  striking  evidence 
was  furnished  by  the  experiments  of  Murri,  Cantu,  Pari,  and  Petrone, 
who  injected  the  blood  of  scorbutic  patients  into  animals  and  noted 
the   development   of  purpuric  lesions.     These  symptoms,  however, 
cannot  be  positively  asserted  to  have  been  evidences   of  scurvy  in 
the  animals  upon  which  the  experiments  were  performed,  and  may 
be  looked  upon,  as  some  have  held,  rather  as  signs  of  ordinary  sep- 
ticsemia.     Several  observers,  as  Kamen,  Eosenell,  and  Uskow,  found 
micro-organisms  in  the  blood  or  in  the  organs  and  were  inclined  to 
regard  these  as  specific.     On  the  other  hand  Wierinzski  failed  to  find 
bacteria  in  the  blood  and  believed  that  the  disease  is  essentially  a 
toxgemia  resulting  from  the  absorption  of  poisonous  substances  from 
the  gastrointestinal  tract,  such  toxic  agents  being  products  of  micro- 
organisms in  the  intestinal  contents.     The  most  active  supporter  of 
the  infectious  theory  is  Babes  who  has  recently  (1893)  contributed  in- 
teresting studies  of  the  disease.     In  examining  the  blood  in  a  number 
of  cases,  and  excised  portions  of  the  gums  in  two,  he  was  able  to 
demonstrate  the  streptococcus  and  a  peculiar  bacillus  of  long  and 
slender  shape.     These  bacilli  were  found  in  tlie  superficial  as  well  as 
the  deeper  tissue  of  the  gums,  though  in  the  former  situation  they 
were  partly  degenerated  (granular).     Parts  of  the  tissue  of  the  gums 
were  rubbed  up  and  injected  into  the  circulation  of  two  rabbits,  caus- 
ing death  in  from  six  to  eight  days.     In  one,  there  were  hemorrhages 
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in  the  subcutaneous  tissues  and  in  the  serous  membranes;  in  the 
second,  ecchymoses  in  the  muscles,  liver,  and  intestines  as  well.  His- 
tological examination  of  the  organs  of  the  rabbit  showed  bacteria  in 
the  capillaries  of  the  lungs  and  in  the  pulmonary  alveoli  and  in  the 
spleen,  and  hemorrhagic  infiltrations  in  the  liver.  The  bacilli  found 
in  the  gums  were  obtained  in  pure  culture  and  injected  into  animals, 
causing  death  in  from  six  to  ten  days.  In  the  bodies  of  the  dead  ani- 
mals hemorrhages  were  found  in  the  subcutaneous  tissues  and  in 
the  serous  membranes.  The  author  concluded  that  the  organism  in 
question,  which  was  previously  described  by  Miiller,  though  never 
cultivated,  is  a  frequent  parasite  of  the  mouth,  though  special  con- 
ditions are  required  to  favor  its  multiplication  and  activity.  He 
ascribes  to  it  the  power  of  causing  necrosis  of  the  gums  and  second- 
arily through  the  production  of  toxic  substances  the  development  of 
proliferative  changes  in  the  fixed  connective  tissues  and  in  the  walls 
of  the  blood-vessels. 

In  recapitulation  it  may  be  said  that  a  careful  review  of  the  evi- 
dence warrants  a  strong  suspicion  that  scurvy  is  an  infectious  disease, 
though  the  positive  proof  is  lacking  and  the  bacteriological  examina- 
tions are  upon  the  whole  unsatisfactory.  Even  though  the  disease 
should  be  proved  to  be  infectious,  however,  it  would  remain  quite 
certain  that  insanitary  surroundings  and  improper  diet  are  factors  of 
the  greatest  importance  in  preparing  a  suitable  soil  for  the  occurrence 
of  scurvy. 

Morbid  Anatomy. 

The  anatomical  changes  discovered  post  mortem  are  often  wide- 
spread and  striking,  though  for  the  most  part  not  characteristic. 
The  surface  of  the  body  may  present  numerous  dark-colored  ecchy- 
motic  points  or  areas  of  reddish,  bluish,  brown,  or  green  color  ac- 
cording to  the  age  of  the  individual  lesion.  Extreme  emaciation  may 
be  noted  and  sometimes  the  subcutaneous  tissues  about  the  ankles  or 
legs  and  the  other  loose  cellular  tissues  are  SAvollen  hj  oedema. 
Rigor  mortis  is  generally  poorly  marked  and  rapid  post-mortem  de- 
composition has  sometimes  been  noted.  On  section  into  the  super- 
ficial tissues  and  muscles  more  or  less  extensive  hemorrhagic  foci  are 
discovered,  particularly  in  the  muscles  of  the  caK,  the  buttocks,  and 
about  the  flexures  of  the  joints.  The  blood  may  be  entirely  fluid, 
or  partial  coagulation  may  be  observed;  very  rarely  degenerative 
changes  or  actual  suppuration  may  be  noted.  More  frequently  a 
tendency  to  fibrous  proliferation  occurs,  and  the  haematomata  may  be 
surrounded  by  thickened  connective  tissue  and  may  be  partly  organ- 
ized. 

Vol.  VII.— 32 
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Serous  effusions  are  not  infrequently  present  in  the  joints,  and  the 
synovial  membranes  are  congested  or  marked  by  ecchymoses.  The 
liquid  in  the  joints  may  sometimes  be  hemorrhagic  in  character  and 
very  rarely  purulent  arthritis  is  observed.  Pseudoankylosis  due  to 
the  formation  of  fibrous  tissues  about  the  hemorrhagic  extravasations 
in  the  vicinity  of  the  joint  is  not  infrequent. 

The  internal  organs  may  be  pale  in  consequence  of  the  general 
anaemia,  but  this  is  rarely  a  striking  feature.  The  serous  surfaces 
(pericardium,  pleura,  meninges)  like  the  joints  are  often  congested  or 
present  ecchymoses  of  greater  or  less  extent.  Serous  effusions  are 
extremely  frequent  and  large  collections  of  liquid  may  occur  in  the 
pleura  or  pericardium.  The  peritoneum  is  less  commonly  involved. 
The  effusion  in  the  pleural  sacs  and  less  frequently  that  in  the 
pericardium  may  be  distinctly  hemorrhagic.  Actual  inflammatory 
changes  of  the  serous  surfaces  are  rarely  striking,  though  a  distinct 
pleuritis  is  occasionally  seen. 

The  lungs  are  frequently  oedematous  and  small  hemorrhagic  foci 
or  irregular  areas  of  infiltration  are  quite  common.  Submucous 
hemorrhages  are  seen  in  the  larger  bronchi  and  sometimes  extend 
throughout  the  entire  bronchial  system.  The  fatal  result  in  scurvy 
is  not  rarely  due  to  the  development  of  scattered  areas  of  broncho- 
pneumonia or  to  extensive  lobar  pneumonia. 

The  heart  is  soft  and  light  in  color,  presenting  more  or  less  ad- 
vanced parenchymatous  or  fatty  degeneration,  and  ecchymoses  may 
be  found  beneath  the  epicardium  or  endocardium.  Marantic  thrombi 
are  found  within  the  cavities  in  cases  in  which  death  has  been  slow, 
but  they  are  rarely  well  formed.  The  cardiac  chambers  may  be  con- 
siderably dilated  in  consequence  of  the  degeneration  of  the  myocar- 
dium, and  relative  incompetency  of  the  valves  may  be  thus  occasioned. 
Acute  endocarditis  is  sometimes  seen,  although  it  is  not  a  frequent 
lesion. 

The  gastrointestinal  tract  is  nearly  always  affected  in  some  part. 
The  lesion  which  is  most  nearly  specific  is  that  involving  the  gums 
and  buccal  mucous  membranes.  The  tissue  of  the  gums  becomes 
reddened  and  swollen  and  in  the  later  stages  undergoes  varying  de- 
grees of  necrosis  with  coincident  proliferation  of  the  connective  tis- 
sues, leading  to  the  formation  of  distinct  fleshy  protuberances.  The 
surface  epithelium  may  remain  intact,  but  more  commonly  about  the 
edges  of  the  gums  adjoining  the  teeth  erosion  or  extensive  ulceration 
is  noted.  Microscopically  the  superficial  portions  of  the  gums  pre- 
sent quite  advanced  degeneration,  while  the  deeper  layers  show  a 
great  degree  of  proliferation  of  the  fibrous  connective  tissues.  Small 
hemorrhages   are  usually  seen,   and  the  blood-vessels  of  the  gums 
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have  beeu  found  to  present  prolifei-ations  of  the  eudotheliuni  iu  some 
parts,  leading  to  obstruction  of  tlie  lumen  of  the  vessel  and  conse- 
quently overdistentiou  of  the  vessel  and  separation  of  the  endothelial 
cells  on  the  jiroximal  side  of  the  obstruction  (Uskow,  Swiderski). 
The  lesions  of  the  gums  most  frequently  begin  about  the  incisor  teeth 
and  may  bo  particularl}^  pronounced  in  the  i)ortions  of  the  gums 
between  the  teeth.  Later  the  process  extends  to  the  gums  surround- 
ing the  bicuspid  and  molar  teeth,  while  the  lips  and  mucosa  covering 
the  cheeks  are  rarely  involved.  Acute  inflammatory  x^rocesses  have 
beeu  observed  about  the  pillars  of  the  fauces  and  in  the  pharynx ; 
and  hemorrhagic  extravasations  may  occur  in  any  part  of  the  mouth, 
though  they  are  most  frequent  in  the  gums. 

The  stomach  and  intestines  frequently  present  hemorrhagic  suf- 
fusions in  the  mucous  membrane  or  submucous  tissue,  and  erosions 
or  follicular  ulcers  are  not  unusual.  Extensive  ulceration,  however, 
is  rare. 

The  liver  is  frequently  fatty  and  in  cases  marked  by  considerable 
anaemia  may  be  decidedlj'  pallid.  Small  hemorrhages  are  not  un- 
usual. The  kidneys  rarely  present  decided  lesions.  Ecchymoses 
may  be  observed  beneath  the  mucous  membrane  of  the  i)elvis  and  in 
one  of  my  cases  a  considerable  extravasation  of  blood  occurred  in 
this  situation.  Similar  hemorrhages  may  be  observed  in  the  sub- 
stance of  the  kidneys  and  sometimes  nei)hritis  occurs  as  a  complica- 
tion. 

The  blood-making  organs  frequently  show  some  alterations,  though 
these  are  in  no  wise  specific.  The  spleen  is  enlarged  in  a  notable 
jn'oportion  of  the  cases,  and  sometimes  becomes  of  considerable  size. 
The  substance  of  the  organ  is  dark  iu  color  and  rather  soft,  and  small 
hemorrhagic  infarcts  are  not  unusual.  The  lymphatic  glands  are 
less  commonly  involved,  though  the  mesenteric  nodes  are  sometimes 
increased  in  size  and  may  i)resent  hemorrhagic  infiltration.  A  lym- 
l^hoid  condition  of  the  bone  marrow  has  been  observed  by  Uskow 
and  by  others,  while  punctate  or  diffuse  hemorrhagic  infiltration  of 
the  marrow  substance  is  not  unusual  in  severe  cases. 

The  bones  may  present  fractures  or  caries,  and  separation  of  the 
epiphyses  has  been  described  by  a  number  of  observers. 

The  Blood. — The  condition  of  the  blood  in  scurvy  presents  no 
characteristic  features.  The  chemical  examination  was  regarded  b}' 
the  older  writers  as  of  great  importance,  but  modern  investigation 
has  shown  that  the  changes  observed  are  characteristic  of  anaemia  in 
general  rather  than  of  a  particular  disease.  Considerable  weight 
was  given  by  those  who  adhered  to  the  theory  of  Garrod  to  the  dis- 
covery that  the  potassium  of  the  blood  is  decreased  in  quantity,  while 
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others  insisted  upon  the  importance  of  the  increased  quantity  of  so- 
dium chloride.  Kecent  studies,  however,  show  that  both  of  these 
conditions  occur  in  most  of  the  symptomatic  anaemias,  and  Albertoni 
in  particular  has  demonstrated  that  the  variation  from  the  normal 
amount  of  potassium  and  sodium  in  scorbutic  blood  is  no  greater 
than  that  observed  in  other  ansemias.  The  alkalinity  of  the  blood  has 
been  found  decreased  by  some,  while  others  have  found  it  increased. 
It  is  likely  that  decreased  alkalinity  is  the  prevailing  condition,  but 
the  explanation  of  Ralfe  that  this  is  dependent  upon  decreased  con- 
sumption of  vegetable  salts  convertible  into  carbonates  is  erroneous. 

The  number  of  the  red  corpuscles  is  usually  but  moderately  de- 
creased. In  ordinary  cases  the  number  is  found  to  be  from  4,000,000 
to  3,000,000  per  cubic  millimetre;  in  severe  cases  the  number  may 
fall  to  2,000,000  or  1,000,000,  especially  when  extensive  hemorrhages 
have  occurred.  In  instances  in  which  extreme  hemorrhages  have 
taken  place  the  reduction  in  the  number  of  red  corpuscles  may  be 
excessive,  Bouchut  having  recorded  one  in  which  they  numbered  but 
557,875  per  cubic  millimetre.  In  cases  in  which  the  anaemia  is  de- 
cided, the  individual  erythrocytes  usually  present  some  alterations 
from  the  normal,  such  as  irregularity  in  the  size  or  moderate  poikilocy- 
tosis  and  polychromatopliilia.  These  changes,  however,  are  rarely 
striking,  excepting  in  cases  marked  by  severe  hemorrhages.  Under 
such  circumstances  the  appearance  of  the  blood  may  be  that  of  the 
most  extreme  auEemias,  and  microcytes  and  nucleated  red  cells  may 
be  abundant.  The  haemoglobin  is  decreased  in  quantity,  and  it  has 
been  frequently  noted  that  its  reduction  is  more  marked  than  is  that 
of  the  red  corpuscles.  This  disproportion  is  usually  slight,  but  at 
times  becomes  marked  enough  to  give  the  blood  the  characteristics  of 
the  chlorotic  condition. 

The  white  corpuscles  may  be  entirely  normal  in  number  and  in 
appearance.  Very  commonly,  however,  there  is  a  moderate  leucocy- 
tosis,  the  number  of  leucocytes  per  cubic  millimetre  ranging  from 
15,000  to  40,000,  such  increase  in  the  number  of  leucocytes  being,  of 
course,  most  frequent  in  instances  in  which  there  has  been  consider- 
able hemorrhage. 

The  blood  plaques  have  been  found  increased  by  some  observers, 
and  Penzoldt  has  called  attention  to  the  occurrence  of  abundant  small 
bodies,  some  of  them  granular  and  some  of  them  highly  refractive, 
which  suggested  undeveloped  erythrocytes. 

Symptoms. 
The  onset  of  scurvy  is  rarely  sudden  and  is  usually  preceded  by 
certain  prodromes  such  as  increasing  weakness,  gastrointestinal  dis- 
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turbances,  and  pallor.  Occasionally  the  disease  is  ushered  in  with 
local  inflammatory  troubles,  such  as  sore  throat,  or  the  first  manifes- 
tation may  be  a  severe  hemorrhage.  Nyctalopia  or  night  blindness 
and  hemeraloi)ia  have  been  noted,  particularly  among  mariners,  as 
prodromes  or  as  symptoms  of  the  fully  developed  disease. 

After  the  condition  has  been  well  established  the  appearance  of 
the  patient  is  quite  characteristic.  The  skin  becomes  pale  or  more 
frequently-  assumes  a  somewhat  earthy  hue,  increasing  with  the  in- 
creasing severity  of  the  affection.  Occasionally  the  skin  and  the  con- 
junctivae present  a  moderate  icteric  hue  in  addition  to  the  pallor,  w'hile 
lividity  or  cyanosis  of  the  lips  and  of  the  extremities  may  sometimes 
be  marked.  The  surface  is  dry  and  the  epidermis  may  present  scaly 
desquamation.  The  features  are  pinched,  the  eyes  sink  deeplj'  into 
the  orbits,  and  dark  rings  about  the  eyes  add  to  the  striking  facies  of 
the  disease. 

The  patient's  general  condition  is  one  of  extreme  depression,  the 
strength  failing  progressively  until  he  is  entirely  prostrated  and  con- 
fined to  bed.  He  becomes  morose  or  melancholic  or  sometimes  ex- 
ceedingly irritable,  and  everj-  attempt  at  exertion  may  determine 
severe  attacks  of  dyspnoea  or  of  palpitation.  The  appetite  may  cease 
entirely  or,  on  the  other  hand,  there  may  be  abnormal  craving  for 
food. 

The  Gums. — The  most  striking  objective  manifestation  is  that  ob- 
served in  the  gums.  This  may  occur  soon  after  the  onset  of  the  pro- 
dromal symptoms,  or  it  may  be  late  in  development.  In  old  persons 
who  have  lost  their  teeth  and  in  infants  before  dentition  the  mucous 
membrane  of  the  mouth  is  frequently  entirely  healthy,  though  ulcers 
may  occur  even  in  such  instances.  The  changes  begin  in  the  gums 
surrounding  the  incisor  teeth,  and  subsequently  spread  to  the  other 
parts.  The  earliest  change  noted  is  a  red  line  of  congestion  immedi- 
ately around  the  neck  of  the  tooth,  which  gradually  spreads  until  the 
entire  gum  is  congested  and  swollen.  Subsequently  the  tissue  be- 
comes cfidematous  and  necrotic,  projecting  as  a  soft  or  mushy  and 
friable  tissue,  and  bleeding  on  the  slightest  touch.  Sometimes  the 
swelling  is  so  marked  that  the  teeth  are  completely  hidden  from  view^ 
and  in  the  severest  cases  the  surface  of  the  gums  may  be  covered  by 
a  dirty  pseudomembrane.  Hemori'hagic  infiltrations  are  prone  to 
occur  and  considerable  hemorrhages  from  the  mouth  are  not  unusual. 
The  patient  complains  of  constant  discomfort  and  of  severe  pain 
whenever  he  attempts  to  eat.  The  saliva  is  usually  increased  in 
quantity,  and  with  the  admixture  of  blood  from  the  bleeding  gums 
may  dribble  from  the  mouth  as  a  sanious  liquid. 

The  tongue  is  coated  and  the  breath  is  generally  horribly  fetid. 
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As  the  condition  of  tlie  patient  improves  tlie  lesions  of  the  gums 
become  less  marked  and  ulceration  may  occur  without  notable  alter- 
ations of  the  tissue.  In  other  cases  considerable  loss  of  substance 
occurs  and  dense  scar  tissue  may  take  its  place.  In  cases  progress- 
ing unfavorably  the  necrotic  processes  of  the  gums  may  increase 
until  the  roots  of  the  teeth  are  laid  bare  and  actual  dislodgment  of  the 
teeth  sometimes  occurs. 

Next  in  importance  to  the  condition  of  the  mouth  are  the  hemor- 
rhagic manifestations  of  the  disease,  the  latter  usually  occurring  after 
the  changes  in  the  gums  have  begun.  The  most  frequent  situation  of 
hemorrhages  is  the  skin  of  the  legs  near  the  ankle  and  as  a  rule  both 
sides  are  simultaneously  involved.  The  lesions  present  themselves  as 
small  punctate  ecchymoses  which  may  grow  somewhat  in  size  and 
coalesce,  and  change  from  a  bright  red  color  to  a  darker  red,  then  to 
a  brown  and  yellow  or  green,  the  changes  of  color  being  similar  to 
those  seen  in  ordinary  bruises.  After  the  legs  other  parts  of  the 
body  may  be  involved,  but  ecchymoses  are  rarely  seen  upon  the  face. 
Blows  or  the  pressure  of  clothing  and  other  external  causes  may 
determine  the  situation  of  the  hemorrhages  and  may  lead  to  con- 
siderable extravasations.  Careful  examination  shows  that  the  hem- 
orrhages are  perifollicular  and  periglandular,  occurring  about  the 
hair  follicles  or  the  sweat  glands.  As  a  rule  there  is  but  little  eleva- 
tion above  the  surface,  though  occasionally  the  hemorrhagic  infiltra- 
tion is  sufficient  to  produce  slight  papules  (aa^e  scorhutica) .  The 
skin  covering  the  hemorrhagic  area,  as  a  rule,  remains  intact,  but 
occasionally  it  forms  vesicles  or  blebs  {herpes  seu  j^eonphigus  scorhuticus) 
and  extensive  ulcers  may  occur.  The  latter  sometimes  remain  as  in- 
dolent sores  and  may  be  covered  with  a  considerable  deposit  of  dried 
crust  {rupia  scorhutica) . 

Subcutaneous  and  Intermuscular  Hemorrhages. — More  extensive 
effusions  of  blood  occur  beneath  the  skin  involving  the  subcutaneous 
cellular  tissue,  the  intermuscular  septa,  and  the  fibrous  tissues  sur- 
rounding the  joints.  These  may  be  diffuse  and  infiltrating  in  charac- 
ter, or  may  constitute  actual  hsematomata.  Hemorrhages  in  the 
muscles  themselves  are  less  frequently  observed.  The  skin  over  the 
affected  parts  may  be  firmly  attached,  though  this  does  not  usually 
occur  in  marked  degree.  Palpation  reveals'  more  or  less  superficial 
or  deeply  seated  doughy  masses,  and  the  temperature  in  the  affected 
part  may  be  slightly  elevated.  The  skin  is  usually  somewhat  fixed, 
though  in  the  earlier  stages,  at  least,  it  appears  to  take  no  part  in  the 
processes.  In  the  later  stages  discoloration  may  occur  and  may  sug- 
gest the  extravasation  of  liquid  from  a  hemorrhagic  area.  Inflamma- 
tory changes  may  lead  to  increased  swelling  and  the  area  may  under- 
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go  extensive  necrosis,  discharging  partly  clotted  blood  and  shreds  of 
tissue  and  leaving  a  more  or  less  iutloleot  ulcer.  In  more  favorable 
cases  the  extravasated  blood  is  gradually  absorbed  and  the  tissues  re- 
turn to  the  normal  condition ;  but  not  rarely  overgrowth  of  fibrous 
tissue  occurs  and  leads  to  sclerotic  areas  between  the  muscles  or  be- 
neath the  skin,  and  when  the  lesions  surround  the  joints  pseudo- 
ankylosis  may  be  developed. 

Subperiosteal  hemorrhages  are  observed  iu  the  scurvy  of  infants 
with  extreme  frequenc}^  while  hemorrhages  about  the  nerve  trunks 
are  occasional!}'  seen. 

Bleeding  from  the  mucous  membranes  constitutes  one  of  the  fre- 
quent and  more  serious  manifestations  of  the  disease.  Hemorrhage 
from  the  mouth  is  perhaps  the  most  common,  but  epistaxis,  haema- 
temesis,  hemorrhage  from  the  l^owels,  uterus,  or  lungs,  and  hsematuria 
have  all  been  noted.  Such  hemorrhages  may  be  early  or  late  mani- 
festations and  may  occur  with  great  suddenness,  or  after  a  jjeriod  of 
moderate  bleeding. 

Swelling  of  the  joints  occurs  in  scurvy  as  in  all  of  the  hemor- 
rhagic diseases,  but  is  rarely  marked.  The  knee  and  ankle  joints  are 
most  frequenth'  involved.  Signs  of  effusion  and  of  local  inflamma- 
tory reaction  may  be  discovered  and  in  occasional  instances  actual 
suppurative  arthritis  is  developed. 

Fever  is  prone  to  occur  from  time  to  time  in  an  irregular  form  but 
va&j  be  eutirel}^  absent.  Not  rarel}^  its  presence  is  explained  by  the 
discovery  of  some  complication  such  as  pleurisy,  pericarditis,  or  sub- 
cutaneous abscess  formation. 

The  gastrointestinal  sym]jtoms  are  frequently  striking  and  may 
completely  overshadow  the  other  symptoms  of  the  disease.  As  has 
alread}'  been  pointed  out,  the  appetite  sometimes  fails  entirely  and 
at  other  times  assumes  a  voracious  character,  the  patient  in  the  latter 
instances,  as  a  rule,  showing  a  decided  preference  for  sour  foods 
and  condiments.  The  digestion  is  commonly  disturbed  and  vomiting 
may  be  a  distressing  symptom.  The  bowels  are  usually  constipated 
and  may  be  obstinately  so.  Attention  has  frequently  been  called  to 
the  occurrence  of  attacks  of  diarrhoea  of  dysenteric  character  and 
the  term  scorbutic  dysentery  has  sometimes  been  applied.  In  such 
instances  the  dejections  are  hemorrhagic  in  character  and  contain 
variable  quantities  of  mucus,  but  are  usually  much  more  abundant 
and  much  more  watery  than  the  stools  of  ordinary  dysenter3^ 

Circulatory  disturbances  and  disorders  of  the  respiratory  system 
are  prone  to  develop  in  proportion  to  the  degree  of  anaemia  and  of 
the  general  weakness.  The  pulse  is  rapid  and  weak  and  in  the  later 
stages  or  after  hemorrhages  may  become  extremely  feeble.     Physi- 
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cal  examination  of  tlie  heart  not  rarely  discovers  some  enlargement 
of  tlie  organ,  and  murmurs  may  be  met  with  at  the  base  of  the  heart 
or  in  the  vessels  of  the  neck.  Organic  lesions  and  murmurs  of  val- 
vular incompetency  are  unusual.  The  respirations  are  hurried  and 
the  inspiratory  efforts  increasingly  feeble.  Severe  attacks  of  dysp- 
noea may  occur  from  esei'tion  or  in  consequence  of  emotional  dis- 
turbances. Slight  cough  without  expectoration  is  common  and  acute" 
bronchitis  is  frequently  noted  and  may  be  attended  by  increased  cough 
and  by  expectoration. 

The  urine  shows  no  decided  changes.  The  quantity  is  sometimes 
reduced,  in  other  cases  it  is  normal  or  even  excessive.  The  reaction 
is  usually  acid,  though  less  markedly  than  in  the  normal  urine,  and  a 
tendency  to  alkaline  fermentation  is  frequently  noted.  Chemical  ex- 
amination shows  a  diminution  in  the  quantity  of  urea  and  of  the 
saline  constituents,  with,  however,  a  relative  increase  in  the  amount 
of  potassium.  Albumin  is  frequently  obseiwed,  though  casts  and 
other  evidences  of  nephritis  are  unusual.  Grocco  reported  the  dis- 
covery of  peptonuria.  The  nature  of  the  albuminous  substances  in 
this  case,  however,  must  be  doubted. 

Nervous  symptoms  may  sometimes  become  prominent.  Ordinary 
cases  are  marked  by  depression  and  languor.  In  severe  cases  there 
may  be  delirium  and  even  deep  coma,  and  epileptiform  convulsions 
have  sometimes  been  observed.  These  more  violent  manifestations, 
as  a  rule,  are  dependent  upon  hemorrhage  into  the  membranes  of  the 
brain. 

The  eyes  present  a  striking  appearance,  as  has  already  been  noted, 
being  deeply  sunken  and  surrounded  by  dark  rings.  Hemorrhages 
may  occur  into  the  conjunctiva,  in  the  anterior  chamber,  in  the 
choroid,  or  in  the  retina.  In  such  cases  vision  may  or  may  not  be 
disturbed.  Ophthalmoscopic  examination  shows  punctate  or  linear 
extravasations  of  blood  of  bright  red  color  in  the  earlier  stages  and 
tending  to  become  more  and  more  yellow  in  the  later  stages.  Hemer- 
alopia  and  nyctalopia  are  occasionally  symptoms  of  the  disease. 

Clinical  Coijese. 

The  course  of  ordinary  cases  is  subacute  or  chronic,  lasting  from 
three  or  four  weeks  to  as  many  months ;  relapses  are  frequent  and 
may  lead  to  extreme  chronicity.  In  very  rare  cases  the  onset  of  the 
disease  is  violent  and  abrupt  and  the  duration  is  short.  In  such  in- 
stances the  first  manifestation  may  be  a  severe  hemorrhage  occurring 
in  a  person  previously  entirely  well,  or  one  who  had  manifested  only 
vague  prodromal  symptoms.     A  sudden  hemorrhage  or  an  attack  of 
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hemorrhagic  diarrhoea  may  at  once  lead  to  a  grave  condition  from 
which  the  patient  does  not  recover. 

In  ordinary  cases  the  onset  is  slow  and  the  course  of  the  disease 
is  progressive,  though  marked  by  considerable  fluctuations  from  time 
to  time.  Death  may  occur  from  gradually  increasing  weakness  and 
inanition,  from  the  development  of  large  serous  effusions,  oedema  of 
Ihe  lungs,  or  pneumonia.  Occasionally  the  fatal  termination  is  due 
to  sepsis  resulting  from  secondary  infections,  and  a  rapid  termination 
may  be  due  to  hemorrhage. 

Complications  and  Sequels. 

Scurvy  is  marked  by  numerous  complications,  some  of  which  have 
already  been  alluded  to.  One  of  the  most  frequent  and  unfavorable 
is  pneumonia,  this  being  either  of  a  lobular  form  or  a  frank  croupous 
pneumonia.  These  conditions  may  run  their  customary  course  and 
terminate  favorably ;  but  they  frequently  prove  fatal,  or  in  other  cases 
resolution  is  protracted  and  gangrene  of  the  lungs  may  ensue.  Large 
pleural  effusions  of  sanguinolent  type  are  met  with  in  a  considerable 
proportion  of  cases  in  which  the  general  vitality  has  been  greatly  re- 
duced, and  oedema  of  the  lung  is  frequently  developed  in  the  later 
stages  of  the  disease.  Gastrointestinal  complications  of  various 
kinds  may  interrupt  the  course  of  the  disease,  or  may  lead  to  its  final 
termination.  Among  the  less  serious  are  pharyngeal  ulceration,  pro- 
tracted vomiting,  and  other  gastric  disturbances ;  of  the  more  serious, 
diarrhoea  of  dysenteric  character  is  the  most  frequent.  Cardiac  com- 
plications such  as  acute  pericarditis  and  acute  endocarditis  are 
occasionally  met  with,  and  inflammatory  lesions  of  the  other  serous 
surfaces  may  be  observed. 

Various  sequelae  may  result  from  the  alterations  which  take  place 
in  and  about  the  subcutaneous  or  deeper  hemorrhages.  The  most 
important  of  such  sequels  is  ankylosis  of  the  joint,  this  being  espe- 
ciallj^  frequent  about  the  knee,  elbow,  and  ankle  joints.  Considerable 
deformity  may  be  brought  about  in  this  way. 

Diagnosis. 

The  diagnosis  of  scurvy  presents  a  number  of  difficulties.  In  the 
first  place  it  must  be  noted  that  many  of  the  cases  of  atypical  form 
occurring  in  persons  in  whom  the  disease  would  not  be  ordinarily 
suspected  are  overlooked.  According  to  Hammond  and  Woodward 
a  great  many  of  the  cases  in  our  late  Civil  War  were  classified  as  in- 
stances of  "  general  debility"  and  the  like.     The  diagnosis  is  particu- 
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larly  apt  to  be  difficult  when  tlie  disease  occurs  in  persons  whose 
surroundings  are  entirely  favorable,  as  in  one  instance  which  came 
under  my  observation  in  a  man  of  considerable  wealth,  in  whom  the 
first  manifestations  were  abrupt  and  violent,  and  in  whom  there  had 
been  no  premonitory  evidences  of  the  disease  at  all.  The  subsequent 
progress  of  the  case,  however,  made  the  diagnosis  comxjaratively 
easy. 

The  symptoms  which  are  most  significant  are  the  subcutaneous 
and  particularly  the  deep-seated  hemorrhages,  the  ecchymoses  upon 
the  skin,  and  the  alterations  found  in  the  gums.  It  must,  however, 
be  remembered  that  the  changes  in  the  gums  are  absent  in  old  per- 
sons who  have  lost  their  teeth  as  well  as  in  young  children.  The 
result  of  treatment  also  aids  in  the  diagnosis. 

When  in  addition  to  the  symptoms  noted  the  surroundings  of  the 
patient  are  such  that  scurvy  might  reasonably  be  expected  the  diagno- 
sis is  quite  certain.  Scurvy  differs  from  the  purpuric  affections  in 
the  absence  in  the  latter  of  specific  alterations  in  the  gums  and  in  the 
absence  of  the  deeper-seated  hemorrhages.  The  joint  manifestations 
are  prone  to  be  more  severe  in  purpura,  while  the  hemorrhages  and 
other  changes  surrounding  the  joints  are  less  marked. 

Scorbutic  pleurisy,  pericarditis,  and  similar  conditions  may  be 
recognized  by  the  discovery  of  the  specific  lesions  in  the  mouth  or 
by  the  discovery  of  deep-seated  hemorrhages  in  cases  in  which  super- 
ficial ecchymoses  are  entirely  absent. 

Prognosis.    • 

The  prognosis  is  ordinarily  favorable,  provided  the  patient  can 
be  placed  under  suitable  conditions.  In  cases,  however,  in  which 
the  disease  has  become  firmly  established  and  particularly  in  epi- 
demics the  affection  is  one  of  great  gravity.  The  disease  usually 
continues  for  several  weeks  under  the  most  favorable  circumstances 
and  may  be  protracted  for  months  or  even  years. 

Treatment. 

The  prophylaxis  comprehends  attention  to  every  detail  of  daily 
life  and  diet.  The  surroundings  of  the  patient,  even  though  favorable, 
should  be  changed.  Sometimes  sea  air  and  sometimes  mountain 
climates  prove  most  beneficial;  and  in  any  case  a  change  is  desir- 
able. 

If  the  patient  has  been  greatly  reduced  by  the  disease  absolute 
rest  should  be  enjoined  for  a  time,  and  subsequently  the  return  to 


SCURVY.  607 

daily  activity  should  be  gradual  and  under  strict  regulation.  The 
patient  should  be  as  much  as  jiossible  in  the  open  air,  or,  when  the 
weather  does  not  permit  of  this,  free  ventilation  of  the  apartments 
must  be  insisted  upon.  The  reguhition  of  the  diet  in  scurvy  is  one 
of  the  most  important  parts  of  the  treatment.  Various  food  stuffs 
have  become  noted  as  antiscorbutic  in  character.  Among  these 
fresh  vegetables  and  particularl}-  potatoes,  lettuce,  spinach,  sorrel, 
and  fruits  have  been  highly  recommended.  Whether  this  antagonistic 
character  actually  does  belong  to  such  foods  or  not,  it  is  certain  that 
an  abundance  of  fresh  vegetables  and  meat,  and  in  general  a  wholesome 
mixed  diet  is  most  important  in  the  treatment  of  the  disease.  A  reli- 
ance upon  any  one  or  other  of  the  so-called  antiscorbutic  foods 
would  be  most  fallacious.  Fresh  fruits  or  fruit  juice,  and  particu- 
larly apples,  lemons,  and  oranges  and  lime  juice  are  most  efficient 
adjuvants.  Scurvy  rarely  develops  in  i^ersons  using  a  diet  of  this 
character.  Occasionally,  however,  the  disease  occurs  despite  the  diet 
and  is  then  attributable  to  other  conditions  which  prevent  proper  as- 
similation of  the  food  taken.  The  importance  of  diet  as  a  prophylac- 
tic measure  is  well  illustrated  by  the  practical  extermination  of  this 
disease  among  mariners,  and  the  law  of  most  nations  requires  that 
lime  or  lemon  juice,  vinegar,  and  sugar  shall  be  carried  in  sailing- 
vessels  bound  on  ocean  voyages  or  engaged  in  fishing. 

Among  the  drugs  which  have  been  commended  as  antiscorbutics 
the  vegetable  salts  of  potassium  have  obtained  the  vridest  popularity, 
largely  in  consequence  of  the  views  of  Garrod  and  his  followers. 
"VMiether  they  actually  exercise  antiscorbutic  power  or  not,  they  may 
be  useful  in  regulating  the  condition  of  the  gastrointestinal  tract  and 
in  stimulating  free  secretion. 

"WTien  aneemia  is  marked,  the  treatment  should  be  directed  to  im- 
proving this  condition.  Iron  may  be  used  in  the  form  of  Blaud's 
pill  or  in  some  other  of  its  non-constipating  preparations.  Arsenic, 
however,  is  more  valuable  and  should  be  given  continuously  until  the 
patient  has  regained  his  usual  health. 

Transfusion  has  been  practised  in  some  cases  after  severe  hemor- 
rhages when  the  anaemia  has  been  intense,  but  there  is  no  evidence 
to  show  that  it  exercises  any  decided  influence.  Hypodermic  infil- 
trations with  saline  solution  are  doubtless  quite  as  efficient  in  com- 
bating sudden  angemia. 

Attention  must  always  be  paid  to  the  state  of  the  gastrointes- 
tinal tract.  The  condition  of  the  mouth  demands  the  greatest  care 
both  in  the  weU-developed  disease  and  in  the  earlier  stages,  or  as  a 
preventive  measure.  Undoubtedly  improper  care  of  the  teeth  greatly 
favors  the  development  of  the  disease  and  the  use  of  antiseptic  mouth- 
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washes  and  particularly  of  chloride  of  potassium  is  valuable  as  a 
measure  of  prophylaxis.  After  the  development  of  the  disease  the 
same  care  should  be  continued,  and  in  case  of  ulcerations  of  the  gums 
applications  of  solutions  of  nitrate  of  silver  should  be  made  directly 
to  the  diseased  surface.  Stomachic  tonics,  such  as  cinchona,  gentian, 
or  nux  vomica,  are  particularly  advisable  in  cases  in  which  the  ap- 
petite is  deficient  and  the  process  of  digestion  is  retarded.  Dilute 
hydrochloric  acid  may  be  combined  with  these  remedies  and  admin- 
istered after  meals  with  considerable  advantage  to  the  digestion. 

Constipation  must  be  avoided  by  the  regulation  of  the  diet  and 
the  administration  of  salines.  Care  should  be  taken,  however,  to 
avoid  excessive  purgation,  as  intestinal  irritation  may  lead  to  the  de- 
velopment of  diarrhoea  which  tends  to  assume  the  dysenteric  type 
and  leads  to  rapid  constitutional  depression.  In  cases  in  which 
diarrhoea  occurs  astringents,  such  as  the  aromatic  sulphuric  acid, 
quassia,  or  hsematoxylon,  should  be  administered  and  the  diet  should 
be  strictly  regulated. 

The  hemorrhages  cannot  be  controlled  directly.  Rest  in  bed 
should  be  secured  and  haemostatic  remedies,  such  as  ergot,  dilute  sul- 
phuric acid,  oil  of  turpentine,  or  gallic  acid,  may  be  administered, 
though  the  value  of  these  remedies  is  extremely  doubtful.  Calcium 
salts  may  prove  useful  in  rendering  the  blood  more  coagulable. 

During  convalescence  the  patient  should  continue  the  use  of 
general  tonic  remedies,  such  as  arsenic,  iron,  quinine,  and  nux  vom- 
ica ;  he  should  take  daily  exercise  in  the  open  air  and  continue  a  lib- 
eral mixed  diet.  Hydrotherapeutic  measures  also  prove  valuable, 
particularly  cold  affusions  followed  hj  vigorous  friction. 

•        Scurvy  in  Infancy. 

Definition. 

Within  recent  years  a  form  of  disease  has  been  recognized  in 
young  children  which  has  been  regarded  by  some  as  a  form  of  acute 
rickets,  but  is  now  quite  generally  known  to  be  scurvy.  It  is  charac- 
terized by  a  tendency  to  subperiosteal  hemorrhages,  particularly  in 
the  lower  extremities,  pseudoparalysis,  and  a  general  cachectic  con- 
dition. 

History. 

The  first  case  of  this  description  seems  to  have  been  recognized  in 
1875  by  Ingerslev  who  reported  a  case  and  called  attention  to  the 
scorbutic  nature  of  the  disease.  In  1881  five  cases  were  described  by 
Gee  under  the  title  of  "osseous  and  periosteal  cachexia."    In  1878, 
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Cheadle  reported  three  cases  with  marked  lesions  of  the  gums,  while 
in  1879  and  1882  the  same  author  reported  further  instances  and  in- 
sisted that  the  disease  was  the  outcome  of  a  rachitic  diathesis.  The 
most  accurate  descriptions  of  the  affection,  however,  are  those  pub- 
lished by  Barlow  in  1883  and  1895. 

Etiology. 

The  frequency  of  infantile  scurvy  cannot  as  yet  be  accurately 
determined.  Undoubtedly  the  disease  is  more  often  overlooked 
than  recognized,  and  the  cases  which  have  been  hitherto  described 
have  occurred  in  the  practice  of  pediatric  specialists.  The  bodj^  of 
the  profession  seems  as  yet  to  have  recognized  the  disease  but  rarely, 
and  as  it  occurs  more  frequently  in  private  practice  than  in  hospitals 
its  frequency  cannot  well  be  estimated. 

The  infantile  form  of  scurvy,  unlike  that  of  adults,  occurs  more 
frequently  among  the  affluent  than  among  the  poor.  The  explana- 
tion of  this  appareutlj^  paradoxical  fact  is  found  in  the  observation  of 
Cheadle  that  the  almost  universal  habit  among  the  poor  of  giving 
young  infants  some  of  the  ordinary  table  food  of  the  adults  prevents 
the  monotony  of  diet,  and  particularly  the  lack  of  carbohydrate  food 
which  leads  to  the  disease  in  the  children  of  those  more  favored. 

Age. — It  is  more  common  in  children  between  the  age  of  six 
months  and  a  3-ear  and  a  half  than  at  other  periods.  It  is  extremely 
rare  in  infants  less  than  four  months  old,  no  cases  younger  than  this 
having  occurred  in  the  experience  of  Barlow,  Botch,  Northrop  and 
Crandall,  or  Southerland.  Occasionally  it  is  met  with  in  young  chil- 
dren from  two  to  six  years  of  age. 

Diet. — Undoubtedly  the  immediate  cause  of  infantile  scurvy  is  im- 
proper diet.  The  disease  has  been  found  among  children  fed  with 
an  unvarj-ing  diet  of  sterilized  milk,  condensed  milk,  or  some  form  of 
prepared  food,  and  it  is  likely  that  the  monotony  of  the  diet  is  more 
important  in  the  causation  than  is  the  character  of  the  food. 

Some  wi-iters  have  insisted  that  the  cooking  of  the  milk  in  the 
process  of  sterilization  is  an  important  cause  of  the  disease  (Heub- 
uer,  Barlow),  but  others  as  decidedly  dissent  from  this  view  (Botch). 

Rickets,  syphilis,  and  other  general  diseases  have  been  supposed  to 
bear  a  close  relation  to  the  disease  under  consideration.  Particularly 
has  this  been  true  of  rickets,  many  authorities,  especially  the  Ger- 
mans, holding  that  it  is  essentially  a  form  of  acute  rachitis.  Un- 
doubtedly there  is  some  connection,  the  two  diseases  occurring  under 
similar  circumstances  and  often  coinciding  in  the  same  individual; 
but  in  many  cases  of  infantile  scurvy  there  are  no  evidences  of  rickets, 
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while  in  others  iu  which  the  diseases  are  coincident  treatment  re- 
moves the  scorbutic  sj-mptoms,  leaving  the  rachitic  manifestations 
uninflnenced.  These  facts  were  well  illustrated  in  Barlow's  series  of 
cases,  and  in  the  sixty  or  seventy  occurring  iu  the  i)ractice  of  Rotch 
only  about  a  dozen  showed  any  evidence  of  rickets. 

The  supj)osed  relationship  of  syphilis  is  still  more  doubtful  or 
remote.  In  the  majority  of  instances  the  history  gives  no  indication 
of  this  disease,  and  in  the  cases  in  which  such  history  is  obtainable 
the  conditions  are  merely  coincidental.  A  certain  superficial  resem- 
blance to  rheumatism  is  presented  in  infantile  scurvy  and  this  has 
suggested  an  etiological  relationshij)  to  some  observers.  There  is, 
however,  no  actual  connection,  as  the  affection  of  the  joints  is  only  an 
apparent  one,  and  cardiac  complications  and  similar  rheumatic  mani- 
festations are  entirely  wanting. 

Pathological  Ajstatomy. 

The  important  lesions  of  the  disease  are  the  hemorrhages.  There 
may  be  small  petechial  extravasations  in  the  skin  of  the  legs,  partic- 
ularly in  the  parts  overlying  the  more  deeply  situated  hemorrhages ; 
but  these  are  not  often  striking  manifestations.  The  important  and 
significant  hemorrhages  are  those  which  occur  in  the  subperiosteal  tis- 
sues. The  most  frequent  situation  is  the  lower  part  of  the  femur ;  next 
in  frequency  is  the  periosteum  of  the  tibia ;  but  the  arm  bones,  the 
scapula,  and  the  orbits  are  not  rarelj^  affected.  The  hemorrhagic 
collections  surrounding  the  orbits,  while  comparatively  infrequent, 
give  rise  to  a  quite  striking  and  characteristic  condition,  namely,  the 
protrusion  of  the  globe  of  the  eye  called  proptosis. 

The  sujDerficial  layers  of  the  bones  adjacent  to  the  periosteal 
hemorrhages  frequently  present  some  evidences  of  necrosis;  and 
fractures  of  the  bones  are  not  uncommon.  The  joints  are  generally 
but  little  involved,  though  occasionally  some  effusion  may  occur  in  the 
synovial  sacs.  More  frequently  hemorrhagic  collections  surround 
the  joint  and  lead  to  superficial  appearances  of  disease  of  the  joints 
themselves. 

Hemorrhages  may  occur  in  the  internal  organs,  notably  the  lungs, 
spleen,  kidneys,  and  intestinal  glands. 

The  gums,  as  a  rule,  present  no  change  at  all  before  the  eruption 
of  the  teeth,  though  occasionally  redness  and  slight  erosion  may  oc- 
cur, and  considerable  swelling  and  ulceration  may  be  observed  in  the 
gum  covering  a  tooth  prepared  for  eruption.  After  the  appearance  of 
the  teeth  the  scorbutic  manifestations  in  the  gums  resemble  those 
seen  in  adults,  though  they  are  less  decided  in  character.     Hemor- 
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rhage  from  the  mouth  occurs  iu  such  cases  as  iu  the  scurvy  of  later 
life. 

The  blood  shows  no  characteristic  alterations,  but  tlie  number  of 
reel  blood  corpuscles  is  more  or  less  reduced,  according  to  the  sever- 
ity of  the  disease.  In  ordinary  cases  the  number  per  cubic  milli- 
metre is  from  2,000,000  to  3,000,000;  iu  severe  cases  it  falls  much 
■  lower.  The  white  corpuscles  present  no  striking  alterations,  though 
in  three  cases  recorded  by  Eotch  the  mononuclear  elements  were 
much  increased  at  the  expense  of  the  polymorphous  forms. 

Symptoms. 

The  disease  begins  very  gradually  as  a  slowly  developing  cachexia 
and  with  apparently  no  direct  exciting  cause.  The  child  grows  rest- 
less and  peevish,  lying  perfectly  quiet  when  left  alone,  but  crying  and 
struggling  as  soon  as  touclied.  The  skin  grows  more  and  more  pale 
and  when  the  disease  is  well  developed  assumes  a  somewhat  ashen  or 
eai-thy  hue.  At  the  same  time  evidences  of  subacute  gastrointestinal 
disturbances  make  themselves  apparent,  though  these  are  rarely  con- 
spicuous. The  abdomen  is  usually  somewhat  swollen,  and  regurgita- 
tion of  the  food  may  frequenth^  be  observed.  The  appetite  decreases 
so  that  the  child  nurses  badly  or,  on  the  other  hand,  there  may  be  an 
excessive  craving  after  food.  Diarrhoea  is  frequently  present  and  the 
stools  may  contain  yellow  or  greenish  curds. 

The  most  characteristic  symptoms  of  the  disease  are  hemorrhages 
beneath  the  peritoneum.  These  affect  the  long  bones  and  particularly 
the  femur  and  the  tibia,  though  the  bones  of  the  forearm,  the  scap- 
ula, and  other  bones  may  be  affected.  Usually  both  sides  of  the  body 
are  symmetrically  involved,  although  this  is  not  always  the  case. 
Peculiar  pyriform  swellings  are  observed  sui-rounding  the  diaphyses 
of  the  bones,  beginning  at  the  exjii:)hyseal  junction  and  gi'adually  de- 
creasing towards  the  shaft  of  the  bone ;  and  on  palpation  the  swellings 
are  found  to  be  somewhat  boggy,  though  the  skin  is  tensely  dis- 
tended. The  child  lies  with  the  legs  flexed  upon  the  thighs  and  the 
thighs  upon  the  abdomen  in  the  earlier  stages,  and  cries  and  shows 
other  evidences  of  pain  whenever  the  affected  parts  are  touched  or 
moved.  The  temperature  of  the  affected  part  may  be  somewhat 
elevated ;  usually  this  is  not  the  case. 

In  the  later  stages  the  legs  instead  of  being  drawn  up  are  ex- 
tended and  the  toes  usually  turn  outwards.  The  reflexes  (knee  and 
plantar)  are  usually  preserved,  but  the  leg  lies  helpless  and  the  term 
pseudoparalysis  given  to  this  condition  is  therefore  eminently  appro- 
priate. 
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In  the  skin  over  the  affected  parts  small  petechial  ecchymoses 
may  make  their  appearance  or  darker  colored,  bluish  macules  may 
present  themselves  and  give  the  impression  of  extravasation  of  the 
blood  from  beneath.  Occasionally  petechise  are  noted  in  the  skin  of 
other  parts  of  the  body,  though  the  hemorrhages  are  rarely  severe  or 
striking.  Extravasations  of  blood  about  the  orbits  press  the  globe  of 
the  eye  forward,  giving  rise  to  the  peculiar  appearance  known  as 
proptosis.  At  the  same  time  it  may  be  noted  also  that  the  eyelids 
themselves  are  oedematous. 

Hemorrhages  from  the  bowels  may  occur  but  are  unusual;  in  some 
instances  hsematuria  has  been  noted  (Gee  and  Thompson) .  The  con- 
dition of  the  mouth  is  interesting  in  connection  with  the  disease  as 
it  occurs  in  adults.  In  the  cases  occurring  in  younger  children  in 
whom  the  teeth  have  not  as  yet  appeared,  the  mouth  may  be  entirely 
healthy,  though  a  certain  amount  of  redness  is  sometimes  seen.  In 
the  cases  occurring  later,  swelling,  congestion,  and  finally  ulceration 
or  necrosis  of  the  gums  surrounding  the  teeth  is  quite  common  and 
extensive  ulcerations  may  occupy  the  mouth.  The  tongue  is  fre- 
quently dry  and  coated,  and  the  breath  is  fetid  as  in  the  disease  oc- 
curring in  adults. 

In  some  cases  examination  of  the  bones  detects  crepitation,  and 
fractures  at  the  lower  end  of  the  femur  and  the  upper  end  of  the  tibia 
or  less  commonly  elsewhere  are  not  infrequent.  According  to  Bar- 
low, the  sternum  and  the  costal  cartilages  tend  to  sink  in  and  en- 
largements may  be  observed  about  the  bones  of  the  head  and  face. 

The  joints  are  little  involved ;  the  apparent  swelling  of  the  artic- 
ulations being  in  reality  due  to  the  infiltration  and  swelling  of  the 
tisues  surrounding  these  structures. 

The  course  of  infantile  scurvy  tends  to  be  more  or  less  progres- 
sive, though  marked  by  fluctuations  as  long  as  the  improper  diet  is 
continued. 

DliGNOSIS. 

The  recognition  of  infantile  scurvy  is  usually  made  without  diffi- 
culty when  the  features  of  the  disease  are  kept  in  mind.  The  most 
characteristic  conditions  are  the  i^eculiar  pyriform  swellings  of  the 
epiphyseal  ends  of  the  bones,  the  spastic  or  contracted  condition  of 
the  limbs  in  the  earlier  stages  and  the  pseudoparalysis  of  the  more 
advanced  periods  of  the  disease,  the  extreme  pain  and  the  occurrence 
of  ulcers  in  the  mouth  in  cases  in  which  the  teeth  have  made  their 
appearance.  (Edema  of  the  eyelids  has  been  considered  characteris- 
tic by  some  clinicians. 

The  differential  diagnosis  between  rickets  and  infantile  scurvy  is 
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rarely-  difficult.  The  latter  disease  presents  no  evidences  of  a  rachitic 
rosary  or  the  other  rachitic  lesions  of  the  bones,  unless  the  two  dis- 
eases be  coincident.  The  boggy  character  of  the  swellings,  the  oc- 
currence of  superficial  hemorrhages,  and  the  stomatitis  when  the  teeth 
are  present  are  symptoms  which  readily  establish  the  diagnosis. 
The  gastrointestinal  symptoms  are  usually  more  pronounced  in 
rickets  than  in  scurvy. 

Purpura  in  its  various  forms  resembles  the  disease  -in  question  in 
the  presence  of  jjetechial  hemorrhages,  but  the  deep-seated  extrava- 
sations beneath  the  periosteum  and  the  other  manifestations  of  the 
disease  are  wanting. 

Some  cases  have  been  mistaken  for  infantile  i)alsy  on  account  of 
the  pseudoparalysis,  but  careful  examination,  together  with  the  his- 
tor}^  of  sudden  onset  and  the  absence  of  marked  pain  and  tenderness 
after  the  disease  has  become  developed  in  spinal  palsy,  makes  the 
diagnosis  easy. 

Congenital  syphilis  is  distinguished  by  the  absence  of  the  hemor- 
rhages, the  mouth  symptoms,  and  the  extreme  tenderness,  while  the 
stigmata  of  the  syphilitic  taint  are  rarely  absent. 

Prognosis. 

The  prognosis  is  favorable  in  cases  in  which  the  disease  has  been 
recognized  early  and  in  which  the  proper  treatment  has  been  insti- 
tuted. According  to  Barlow,  the  duration  in  cases  placed  on  treat- 
ment is  on  the  average  from  two  to  four  months ;  but  Rotch  states 
that  he  has  usually  seen  recovery  in  two  or  three  weeks,  even  in  severe 
cases,  when  energetic  treatment  has  been  resorted  to. 

Treatment. 

Diet  is  of  first  importance.  The  prevention  of  the  disease  is 
secured  by  a  proper  regulation  of  the  diet  in  all  cases  from  infancy 
to  the  second  year,  and  particularly  by  the  jjroper  regulation  of  the 
food  so  that  its  character  may  vary  from  time  to  time  with  the  altered 
requirements,  with  the  age  of  the  child,  and  the  like.  The  steriliza- 
tion of  milk  does  not  seem  to  have  the  importance  in  causing  this 
disease  attributed  to  it  by  some,  though  the  overheating  of  milk  is 
never  desirable.  After  the  disease  has  been  recognized,  the  food 
should  be  regulated  according  to  the  age  of  the  patient  and  the 
condition  of  its  digestion.  Certain  special  articles  of  diet,  however, 
must  never  be  neglected  in  this  condition,  as  they  have  been  found 
almost  specific  in  their  action.  Among  these  may  be  ranked  the 
Vol.  VII.— 33 
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juice  of  oranges,  grape-juice,  finely  scraped  apple  pulp,  and  fresh - 
meat  juice.  From  two  to  four  tablespoonfuls  of  the  juice  of  the 
orange  or  of  grapes  may  be  given  in  the  twenty-four  hours  and  corre- 
sponding quantities  of  the  other  articles  named.  Excellent  results 
have  been  obtained  by  the  daily  administration  of  a  puree  made  of 
potato  and  milk,  and  doubtless  a  more  general  use  of  such  a  prepa- 
ration in  children  beyond  the  first  year  of  life  would  prevent  many  of 
the  cases  of  this  disease. 

Drugs  possess  practically  no  value  as  remedies  having  direct  con- 
trol of  the  disease,  but  tonics  may  be  useful  in  building  up  the  con- 
dition of  the  blood  or  of  the  system  after  the  progress  of  the  affection 
has  been  arrested.  Iron  in  the  form  of  the  iodide,  or  tonics,  such  as 
calisaya  and  gentian,  may  be  used,  and  minute  doses  of  arsenic  are 
desirable.  . 

Haemophilia. 

Synonyms.— Usevasbio-philia,;  morbus  hsematicus ;  diathesis  hgemor- 
rhagica;  bleeders'  disease.  The  term  "bleeder"  is  applied  to  the 
patient. 

Definition. 

HsemoiDhilia  is  characterized  by  a  tendency  to  spontaneous  hem- 
orrhage or  bleeding  on  trivial  injury,  the  disease  being  practically  al- 
ways hereditary  in  nature.  The  hemorrhages  are  generally  severe 
and  often  uncontrollable;  and  the  patient  usually  suffers  with- rheu- 
matoid swellings  and  pains  in  the  joints.  The  disease,  as  a  rule, 
lasts  throughout  life,  generally  becoming  less  marked  with  advancing 
years. 

HiSTOEY. 

Hsemophilia  was  probably  known  to  the  ancient  writers,  in  evi- 
dence of  which  a  passage  in  Lucan  has  been  cited  by  Legg.  A  more 
positive  reference  to  the  disease  is  found  in  a  passage  in  the  writings 
of  Alzaharvi,  a  physician  who  died  in  Cordova,  1107  a.d.  Another 
reference  is  made  to  it  by  Benedictus  in  1539,  and,  according  to  Vir- 
chow,  Hochstetter  described  a  case  in  1674.  The  first  reliable  de- 
scription of  a  bleeder  family  is  that  of  Fordyce  published  in  1784, 
while  Rave  contributed  to  the  history  of  the  affection  records  of 
bleeders  published  in  1798.  Otto,  in  1803,  gave  an  account  of  cases 
occurring  in  a  family  through  several  generations  in  New  England,  and 
referred  to  instances  observed  by  Rush  in  Maryland,  while  other  Ameri- 
can physicians  undoubtedly  recognized  the  disease  at  even  earlier 
dates.     The  celebrated  Appleton-Swayne  family,  of  Reading,  Mass., 
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was  first  recorded  by  Hay,  iu  1813.  Among  the  more  important 
contributions  to  the  subject  of  a  systematic  character  are  those  of 
Nasse,  Schonlein,  Wachsmuth,  Grandidier,  Legg,  Simon,  and  Dunn. 

Etiology. 

Heredity. — The  most  important  fact  in  the  etiology  of  this  affec- 
tion is  its  hereditary  characteristic,  and  at  the  jjresent  time  X)ractically 
all  cases  admitted  to  be  instances  of  haemophilia  give  evidence  of  this 
etiological  factor.  Undoubtedly  it  would  seem  reasonable,  as  Eich- 
horst  suggests,  that  the  disease  may  arise  de  novo  at  the  present  day 
as  well  as  formerly ;  but  as  yet  no  instances  have  been  recorded  of 
cases  in  which  the  disease  has  occurred  in  a  j)erson  whose  family  had 
presented  no  signs  of  the  affection,  while  in  the  j^rogeny  of  the  patient 
himself  the  disease  has  been  propagated.  The  frequency  of  cases  in 
individual  families  varies  very  greatly.  The  average,  however,  may 
be  estimated  from  the  fact  that  the  collected  statistics  of  Grandidier 
show  six  hundred  and  fifty-seven  cases  in  two  hundred  families.  In 
some  of  the  celebrated  families  of  bleeders,  however,  in  which  the 
disease  has  been  known  to  exist  for  a  number  of  generations,  the 
average  seen  in  Grandidier's  statistics  is  greatly  exceeded;  but  the 
exact  figures  are  difficult  to  obtain,  for  obvious  reasons. 

Legg  in  his  monograph  tabulates  the  transmission  in  the  cele- 
brated Clitherow  family,  in  which  haemophilia  had  existed  for  two 
hundi'ed  years ;  in  the  families  of  Tenna,  Switzerland,  as  many  as  five 
generations  have  been  affected,  while  in  the  Appleton-Swayne  family 
Brown  states  (in  a  letter  to  Osier)  that  cases  have  now  occurred  in 
the  seventh  generation. 

The  manner  of  transmission  varies  somewhat,  though  in  most  in- 
stances a  peculiarity  of  transmission  first  noted  by  Otto  is  observed. 
The  characteristic  of  this  is  the  fact  that  while  the  female  members  of 
a  family  are  unaffected  by  the  disease  they  transmit  it  to  their  male 
offspring.  This  is  almost  the  rule,  although  occasional  exceptions 
have  been  observed.  Thus,  in  the  family  reported  by  von  Limbeck, 
in  which  the  disease  had  existed  during  four  generations,  only  the 
daughters  were  affected  during  the  earlier  period,  while  in  the  later 
generations  the  males  alone  i)resented  the  disease.  Sometimes 
throughout  the  entire  history  of*a  family  the  transmission  may  be  di- 
rect from  father  to  son,  grandson,  etc. ;  at  other  times  from  father  to 
daughter,  granddaughter,  etc. ;  and  finally  one  or  more  generations 
may  entirely  escape,  and  the  disease  presents  itself  in  subsequent 
offspring. 

Kegarding  the  occurrence  of  haemophilia  in  persons  giving  no 
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family  history  of  the  disease,  it  is  interesting  to  note  that  certain  in- 
stances have  been  recorded  by  Foerster  and  others  in  which  the  mar- 
riage of  blood  relations  has  seemed  to  lead  to  the  development  of 
haemophilia  in  the  offspring.  Similarly  it  has  been  held  by  certain 
writers  that  maternal  impressions  are  of  importance,  and  occasion- 
ally certain  constitutional  diseases  in  the  parents  appear  to  be  sig- 
nificant. Among  these  gout,  rheumatism,  scrofiila,  and  tuberculo- 
sis have  been  noted  by  systematic  writers,  but,  as  has  been  already 
observed,  the  nature  of  the  cases  occurring  in  such  conditions  has  not 
as  yet  been  sufficiently  determined,  and  the  subsequent  transmission 
of  the  tendency  by  such  persons  has  never  been  observed. 

Sex. — In  the  statistics  published  by  Grandidier,  of  657  cases  609 
were  males  and  48  females,  or  a  proportion  of  12.7 : 1.  As  has  already 
been  observed,  such  a  proportion  is  not  always  observed,  though  it 
is  the  rule.  Doubtless  in  some  instances,  as  Koch  contends,  haemo- 
philia in  females  is  designated  by  other  names,  such  as  profuse 
menstruation,  purpura,  etc.,  but  after  making  all  allowances  the  over- 
whelming majority  in  the  male  sex  is  established. 

Age. — In  the  great  majority  of  cases  the  disease  begins  in  early 
life.  Thus,  in  the  statistics  of  Grandidier,  among  113  cases  63  began 
in  the  first  year,  17  in  the  second,  and  13  in  the  third  year.  It  is 
unusual  for  the  manifestations  to  present  themselves  after  the  first 
decade  of  life,  but  instances  have  been  recorded  in  which  the  patient 
has  passed  his  twentieth  year  before  the  onset.  Thus,  in  the  cases 
of  Simon,  both  father  and  son  had  reached  the  age  of  twenty-two 
years  when  the  disease  began. 

The  present  seems  a  favorable  opportunity  for  alluding  to  certain 
hemorrhagic  conditions  of  the  newborn.  These  have  been  variously 
termed  transitory  TuBmophilia,  spontaneous  hemorrhages  of  the  neiv- 
born,  infectious  hcemojphilia  of  the  7iewhoni,  and  hemorrhagic  disease  of 
the  neivborn.  The  manifestations  in  these  cases  usually  occur  in  the 
early  weeks  of  life,  run  an  acute  course,  and  terminate  either  in  death 
or  in  complete  recovery.  Cases  of  this  character  have  been  studied 
by  Klebs,  Eitter,  Eppinger,  and  Townsend.  The  latter  collected  fifty 
cases,  in  all  of  which  excepting  three  the  hemorrhage  occurred  within 
the  first  seven  days  of  life,  and  in  these  three  on  the  eighth,  ninth, 
and  fourteenth  days  respectively.  The  duration  in  the  cases  which 
recovered  was  never  above  nine  days,  and  two-thirds  of  all  recovered 
within  five  days.  In  the  fatal  cases  the  children  died  within  twenty- 
four  hours  in  half  of  the  cases,  and  within  the  first  week  in  all  of  the 
rest  but  one,  which  died  on  the  eighth  day.  The  mortality  was  sixty- 
two  per  cent.  The  hemorrhages  occurred  from  the  gastrointestinal 
tract  alone  in  19  cases,  from  the  umbilicus  alone  in  3,  and  in  the 
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skin  alone  in  0.  In  20  cases  there  were  hemorrhages  from  the  in- 
testines, in  14  from  the  stomach,  in  14  from  the  mouth,  in  12  from 
the  nose,  in  18  from  the  umbilicus,  and  in  21  from  the  skin.  The 
temperature  in  cases  in  which  it  was  obseiTed  was  nearly  always 
elevated. 

The  trausitor}^  character,  the  occurrence  of  spontaneous  hemor- 
rhages in  different  parts  of  the  body,  the  acute  course,  the  self-limited 
character,  and  the  frequency  of  umbilical  hemorrhages,  together  with 
the  early  appearance  of  the  disease,  make  it  extremely  likely  that  the 
affection  under  consideration  is  not  to  be  classed  with  true  haemo- 
philia, but  rather  as  a  separate  group  of  conditions,  probably  for  the 
most  part  infectious  in  character.  It  bears  close  relations  with  pur- 
pura hsemorrhagica,  though  in  most  instances  purpura  is  not  a  strik- 
ing symptom. 

Frequency  and  Geographical  Distribution. — The  number  of  cases 
reported  in  the  statistics  alluded  to  illustrates  the  frequency  of  this 
disease.  It  occurs  in  all  parts  of  the  world  and  does  not  vary  greatly 
in  frequency'  in  different  situations,  though  perhaps  it  occurs  more 
commonlj'  in  northern  countries  and  on  exposed  sea-coasts  than  else- 
where. It  would  appear  to  be  somewhat  more  common  among  the 
Anglo-Germanic  nations,  according  to  the  statistics  of  Grandidier, 
but  this  iDredisposition  is  not  marked.  The  influence  of  climate  ap- 
pears to  be  potent  also  in  determining  the  individual  attacks,  and  the 
season  of  the  year  exercises  a  like  influence.  The  attacks  are  par- 
ticularly prone  to  occur  during  the  spring  and  fall,  when  the  weather 
is  changeable,  and  in  situations  in  which  the  climate  is  cold  and 
damp,  and  in  individual  cases  the  susceptibility  to  meteorological 
conditions  may  be  quite  striking. 

Infection. — Certain  observers  have  claimed  that  haemophilia  is  an 
infectious  condition,  but  the  evidence  in  favor  of  such  a  view  is  ex- 
tremely scanty.  It  is  conceivable,  of  course,  that  certain  individuals 
•are  more  prone  to  hemorrhagic  manifestations  in  consequence  of  vari- 
ous forms  of  infection,  and  that  the  manifestations  of  hsemoiDhilia 
may  occur  at  such  times,  but  the  constant  and  apparentlj^  unvarying 
liability  to  hemorrhage  observable  in  this  disease  cannot  well  be  rec- 
onciled with  our  views  of  infection,  and  in  addition  to  this  it  may  be 
noted  that  bacteriological  studies  have  proved  entirely  negative. 

Pathological  Anatomy. — Practically  no  lesions  are  observed  in 
this  condition,  excepting  the  hemorrhages  or  results  of  hemor- 
rhage. As  most  of  the  cases  die  of  loss  of  blood,  the  organs  at  the 
post-mortem  examinations  usually  present  an  anaemic  appearance. 
The  heart  is  empty  of  blood  clots  or  almost  completely  empty.  In 
some  instances  the  foramen  ovale  has  remained  patulous  or  the  ven- 
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tricular  septum  lias  been  incomplete.  No  connection,  however,  can  be 
established  between  these  conditions  and  the  disease  in  question,  un- 
less these  occurrences  be  taken  as  indications,  with  the  hypoplasia  of 
the  aorta  first  observed  by  Yirchow,  of  a  general  vascular  insufficiency. 
The  wall  of  the  aorta  has  sometimes  been  found  extremely  thin  and 
the  lumen  of  the  artery  unusually  narrow.  In  addition  to  this,  spots 
of  fatty  degeneration  have  been  found  in  the  intima.  Occasionally 
the  other  arteries  are  visibly  deficient  in  calibre  or  in  the  thickness  of 
their  walls,  and  this  may  occur  as  a  uniform  process  or  in  localized 
areas.  A  number  of  authors  have  found  changes  in  the  capillaries 
which  may  possibly  be  in  some  way  related  to  the  alterations  in  the 
larger  vessels  just  noted.  Thus  v.  Buhl  called  attention  to  the  un- 
usual richness  in  capillaries  of  the  skin  and  subdermal  tissues, 
though  in  the  instance'  reported  a  distinct  disease  of  the  skin  was 
present.  Birch-Hirschfeld  found  enlargement  or  swelling  of  the 
endothelial  cells  of  the  capillaries,  the  nuclei  of  the  cells  being  con- 
siderably increased  in  size  and  the  protoplasm  containing  granular 
areas.  In  general,  the  spaces  between  the  endothelial  cells  seemed 
unusually  capacious.  Kidd  found  a  proliferation  in  the  endothelium 
of  the  capillaries  and  swelling  of  the  fibres  and  nuclear  multiplication 
in  the  media.  These  examinations,  however,  have  been  too  few  and 
too  lacking  in  uniformity^  to  warrant  the  changes  being  accepted  as 
characteristic  lesions  of  the  disease. 

The  solid  organs  show  no  evidences  of  disease  excepting  the  heart, 
which  has  been  found  fatty  by  several  observers.  Hemorrhages, 
however,  may  occur  in  the  various  situations. 

The  blood  presents  no  characteristic  features.  Grandidier,  Los- 
sen,  and  others  claimed  that  the  coagulability  is  decidedly  decreased, 
but  others  have  asserted  that  this  view  is  unfounded.  Undoubtedly, 
as  numerous  observations  indicate,  the  blood  does  coagulate  in  cases 
in  which  slow  hemorrhage  occurs  and  may  form  clots  of  considerable 
size.  The  objection  has  been  made  to  the  view  of  Grandidier  that  his 
observations  were  made  at  a  stage  when  considerable  loss  of  blood  had 
been  sustained.  This,  however,  as  Grawitz  points  out,  would  furnish 
confirmation  rather  than  disproof  of  his  view,  since  the  normal  blood 
tends  to  increase  in  coagulability  when  hemorrhage  takes  place. 
Recent  studies  of  Alexander  Schmidt  and  v.  Manteuifel  would  indi- 
cate that  there  is  actually  decreased  coagulability,  since  the  blood  re- 
quired four  and  one  half  minutes  to  form  a  clot ;  whereas  the  addition 
of  Schmidt's  zymoplastic  substance  led  to  rapid  coagulation  in  ten 
seconds.     This  corresponds  also  with  recent  studies  of  A.  E.  Wright. 

After  the  hemorrhages  the  blood  becomes  thin  or  hydremic,  and 
may  be  visibly  light  colored.     The  usual  changes  brought  about  by 
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hemorrhage,  reduction  in  the  red  corpuscles,  reduction  in  the  haemo- 
globin, and  increase  in  the  number  of  leucocytes,  may  be  observed 
and  vary  in  degree  according  to  the  amount  of  hemorrhage. 

In  a  recent  study  Albertoni  claims  to  have  found  that  the  red  cor- 
puscles are  prone  to  break  uj)  more  readily  than  normal  erythrocytes 
and  that  the  blood-vessel  Avails  are  excessively  friable. 

Immermann  expressed  the  belief  that  haemophilia  is  in  reality  a 
condition  of  plethora,  the  quantity  of  blood  being  excessive  and  the 
hemorrhages  being  evidences  of  the  tendency  of  the  blood  to  make  its 
escape.  Other  observers  have  found  increased  numbers  of  red  cor- 
puscles, but  neither  of  these  views  can  be  accepted. 

It  is,  however,  to  be  noted  that  the  loss  of  blood  in  hgemophilia 
seems  to  be  more  readily  borne  than  by  persons  in  perfect  health. 

Pathogenesis. 

The  nature  of  haemophilia  remains  entirely  obscure.  It  is  pos- 
sible that  the  hemorrhages  may  be  the  result  of  changes  in  the  blood 
or  in  the  blood-vessel  walls,  the  evidence,  so  far  as  such  has  been  ob- 
tained, pointing  to  an  increased  permeability  and  friability  of  the 
smaller  vessles  and  a  lessened  ability  of  the  blood  to  form  firm  clots. 
The  changes  which  have  been  discovered  in  the  blood-vessel  walls 
have  already  be'en  referred  to.  They  are  far  too  varj'ing  in  character 
to  make  it  seem  likely  that  these  constitute  the  essential  lesions.  It 
is  more  likely  that  the  changes  are  of  a  chemical  sort,  as  Eichhorst 
has  maintained,  and  that  they  are  undiscoverable  by  our  present 
methods.  That  the  conditions  are  local  or  in  the  vessel  walls  rather 
than  in  the  blood  itself  would  seem  to  be  evidenced  by  the  remark- 
able case  of  Senator,  in  which  the  hemorrhage  in  a  case  of  renal  haemo- 
philia occurred  from  one  kidney  alone,  and  in  which  the  disease  was 
defiiiitely  arrested  by  the  removal  of  the  affected  kidney.  A  similar 
deduction  may  possibly  be  drawn  from  the  remarkable  case  related 
to  Osier  hj  D.  Hayes  Agnew,  in  which  bleeding  occurred  only  from 
cuts  above  the  neck  and  never  from  those  below  this  part. 

Symptoms. 

The  onset  of  the  disease  occurs,  as  has  already  been  stated,  in 
childhood.  The  first  evidence  may  be  a  severe  and  fatal  hemor- 
rhage. This  may  occur  during  or  immediately  after  the  birth  of  the 
child,  as  occurred  in  one  case  under  mj^  observation,  the  hemorrhage 
in  this  instance  coming  from  an  abrasion  produced  in  the  infant's 
mouth  in  the  delivery  of  the  after-coming  head.     The  cutting  and 
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tying  of  the  umbilical  cord  and  the  separation  of  this  rarely  give  rise 
to  excessive  bleeding. 

The  hemorrhages  of  hsemophilia  may  be  traumatic  or  spontaneous. 

The  traumatic  hemorrhages  are  frequently  caused  by  injuries  so 
trivial  that  under  ordinary  circumstances  they  would  be  overlooked 
entirely.  In  numerous  instances  a  scratch  or  the  prick  of  a  pin,  or 
slight  abrasions  of  the  surface  occurring  in  young  infants,  have  fur- 
nished the  first  evidence  of  the  disease,  and,  as  Fordyce  remarked, 
larger  wounds  sometimes  prove  less  dangerous  than  slight  injuries. 
Indeed,  it  has  been  found  in  some  cases  that  enlargement  of  a  small 
wound  by  free  incision  has  served  to  check  the  hemorrhage.  Slight 
surgical  operations,  such  as  snipping  the  f rsenum  of  the  tongue  or 
circumcision,  frequently  lead  to  the  first  hemorrhage.  In  other  cases, 
and  very  commonly,  the  disease  begins  during  the  first  dentition,  the 
hemorrhages  occurring  with  the  eruption  of  the  teeth. 

The  blood  usually  escapes  in  a  steady  stream  flowing  from  the 
substance  of  the  tissues  as  a  parenchymatous  hemorrhage  rather  than 
from  the  larger  vessels.  The  arteries  are  very  rarely  the  source  of 
the  bleeding.  The  loss  of  blood  sometimes  proves  enormous  and  the 
patient  may  rapidly  become  exsanguinated.  Finally  syncope  may 
occur  from  the  loss  of  blood  and  the  hemorrhage  may  then  cease.  In 
other  cases  cessation  does  not  take  place  and  death  occurs  from  anae- 
mia of  the  brain. 

When  the  injuries  upon  the  surface  are  very  slight  and  the  cellular 
tissues  loose,  the  blood  may  collect  beneath  the  surface,  forming  large 
masses  or  blood  tumors,  in  which  the  blood  remains  in  a  fluid  condi- 
tion for  a  considerable  length  of  time. 

Spontaneous  HemorrJiages. — The  most  frequent  source  of  sponta- 
neous hemorrhage  is  the  nose,  epistaxis  being  recorded  in  one  hundred 
and  sixty-nine  of  three  hundred  and  thirty -four  cases  in  which  the 
source  of  the  hemorrhage  was  noted  in  Grandidier's  statistics.  In 
many  of  these  instances  doubtless  there  was  some  unsuspected  trau- 
matism, but  in  the  majority  of  cases  of  epistaxis  the  hemorrhage 
is  spontaneous.  Hemorrhages  from  the  other  mucous  surfaces  are 
less  frequent.  In  women  the  disease  may  manifest  itself  in  the  form 
of  profuse  menstruation,  and  sometimes  the  establishment  of  the 
menstrual  function  occurs  much  earlier  than  is  customary ;  or  again 
there  may  be  free  hemorrhages  from  the  vagina  in  girls  before 
the  establishment  of  menstruation.  Furious  hemorrhages  may  occur 
during  labor,  but  on  the  other  hand  cases  are  not  rare  in  which  this 
process  is  unattended  by  great  loss  of  blood,  and  the  apparent  free- 
dom of  the  female  sex  from  the  disease  renders  labor  of  compara- 
tively little  consequence.      Hsematemesis  and  hemorrhages  from  the 
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bowels  are  quite  common,  and  may  be  attended  by  or  preceded  by 
mild  gastrointestinal  disturbances.  Haematuria  occurs  in  a  small 
proportion  of  cases,  and  a  few  remarkable  instances  of  so-called 
renal  hcemophilia  (Senator)  have  been  recorded  in  which  the  bleeding 
occurred  from  one  or  both  kidneys  and  in  which  the  examination  of 
these  organs  showed  no  pathological  change.  In  Senator's  case  the 
hemorrhage  was  found  to  come  from  but  one  kidney  and  ceased  after 
removal  of  the  affected  organ. 

Hemorrhages  into  the  skin  may  be  the  result  of  slight  trauma- 
tisms which  have  been  overlooked,  such  as  those  due  to  the  pres- 
sure of  clothing;  but  they  may  be  entirely  spontaneous.  In  most 
instances  small  petechial  extravasations  are  formed,  but  large  sug- 
gillations  or  considerable  collections  of  blood  in  the  subcutaneous 
tissues  may  be  obsen-ed.  In  the  latter  instances  the  blood  tends  to  re- 
main fluid,  and  not  rarely,  surgical  interference  being  undertaken,  fa- 
tal hemorrhages  have  resulted.  Sometimes  abscess  formation  occurs. 
The  ecchymoses  are  most  frequent  on  the  extremities,  but  may  affect 
the  trunk  as  well;  the  face  usually  escapes.  Hemorrhages  into  the 
serous  surfaces  are  not  unusual.  Large  collections  of  blood  may  be 
found  in  the  peritoneal  cavity,  the  pleura,  or  the  pericardium.  Hem- 
orrhages into  the  brain  or  between  the  meninges  usually  occasion  seri- 
ous manifestations,  such  as  attacks  of  unconsciousness,  epileptiform 
convulsions,  and  palsies. 

The  joints  frequently  become  swollen  and  painful,  and  in  these 
cases  muscular  cramps  or  pains  may  coexist.  The  conditions  of  the 
joints  may  depend  upon  small  hemorrhages  into  the  capsule  or  into 
the  synovial  membranes,  and  the  painful  condition  surrounding  the 
joints  and  in  the  muscles  may  be  the  result  of  extravasations  in  these 
situations  and  possibly  also  in  the  nerve  trunks.  Inflammatory 
changes  in  the  synovia  are  not  unusual  in  cases  in  which  consider- 
able hemorrhage  has  taken  place.  The  joint  in  such  instances  may 
become  greatly  swollen,  giving  the  appearance  of  some  forms  of 
tuberculous  arthritis,  but  the  skin  over  the  affected  pai*t  is  usually 
discolored  by  extravasated  blood.  In  the  later  stages  ankylosis  and 
deformities  may  result.  The  joints  most  frequently  involved  are 
the  knee  and  the  elbow. 

The  general  appearance  of  the  patient  suffering  with  haemophilia 
may  be  in  nowise  distinctive,  although  the  older  writers  gave  detailed 
descriptions  of  the  habitus  Ticemopliilicus.  Among  the  characteristics 
noted  were  a  pale  complexion  with  thin  skin,  light  blond  hair,  bright 
eyes,  and  in  general  a  delicate  organization.  Variations,  however, 
from  this  description  are  exceedingly'  common.  After  the  occurrence 
of  hemorrhages  the  patient  becomes  extremely  ana3mic  and  frequently 


522  STENGEL — DISEASES   OF  THE  BLOOD. 

suffers  witli  severe  palpitations,  dyspnoea,  vertigo,  attacks  of  faint- 
ness,  and  other  evidences  of  tlie  bloodless  condition. 

On  physical  examination  enlargement  of  the  heart  may  be  de- 
tected and  systolic  murmurs  may  be  heard  at  the  cardiac  base  and  in 
the  vessels  of  the  neck.  The  urine  frequently  contains  albumin  after 
the  hemorrhages,  and  according  to  some  observers  it  is  rich  in  phos- 
phates and  poor  in  urea.  These  claims,  however,  have  not  been  sub- 
stantiated and  are  of  no  practical  significance.  Sometimes  the  urine 
contains  large  quantities  of  blood,  and  in  certain  cases,  as  in  those  of 
Senator  and  others  already  alluded  to,  hsematuria  may  be  the  only  ex- 
pression of  the  hemorrhagic  diathesis.  The  occurrence  of  fever  in 
haemophilia  has  been  frequently  observed,  but  is  by  no  means  uniform. 
Attacks  are  most  apt  to  occur  in  cases  in  which  large  hemorrhages 
have  taken  place  into  the  tissues,  and  particularly  when  the  joints 
have  been  affected.  Secondary  inflammatory  changes  in  the  joints 
or  serous  surfaces,  or  abscess  formation  may  lead  to  the  development 
of  a  continuous  or  irregular  fever. 

CouESE  AKD  Prognosis. 

After  the  first  hemorrhages  have  occurred,  the  disease  or  the  ten- 
dency to  hemorrhage  continues  throughout  life.  In  cases  in  which 
the  hemorrhages  are  never  severe  and  in  which  middle  life  has  been 
reached  the  tendency  may  practically  disappear  in  the  later  years, 
and  many  instances  are  recorded  in  which  hsemophilic  individuals 
have  lived  to  extreme  old  age.  Among  other  cases  Simon  refers  to 
three  persons  who  had  reached  the  ages  of  seventy,  eighty,  and 
ninety-four  years  respectively.  Climate  and  the  condition  of  the 
general  health  may  cause  some  variation  in  the  liability  to  hemor- 
rhage and  in  the  severity  of  the  hemorrhages  when  they  occur,  but 
such  influences  are  not  easily  estimated.  The  prognosis  is  worse  in 
the  male  sex  than  in  the  female  sex.  Of  one  hundred  and  eighty-one 
cases  included  in  Grandidier's  statistics  one  hundred  and  fifty-two 
terminated  before  the  close  of  the  seventh  year.  According  to  Legg, 
the  disease  is  rarely  fatal  in  the  first  year. 

Diagnosis. 

Difficulty  in  diagnosis  arises  in  cases  in  which  the  disease  occurs 
in  quite  young  children  or  in  women.  The  history  of  the  case  is 
always  of  prime  importance,  and  when  there  is  evidence  of  the  dis- 
ease in  other  members  of  the  family  any  unusual  tendency  to  hemor- 
rhage will  naturally  be  regarded  as  due  to  haemophilia. 
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Particular  interest  attaches  to  the  forms  of  hemorrhage  occurring 
in  the  newborn  which  have  been  already  alluded  to.  These  distin- 
guish themselves  from  true  haemophilia  by  their  transitory  character, 
by  their  self-limited  course,  by  the  frequencj^  with  which  the  bleeding 
occurs  from  the  umbilicus,  and  by  the  frequent  association  of  jaundice 
and  high  fever.  All  of  these  characters  give  the  condition  in  question 
the  manifest  appearance  of  an  infectious  disease  and  serve  to  dis- 
tinguish it  from  true  haemophilia. 

Purpura  in  its  rheumatic  or  hemorrhagic  forms  and  scurvy  are 
usually  easy  to  distinguish  by  the  absence  of  suggestive  history  and 
the  occurrence  of  these  conditions  in  persons  debilitated  by  previous 
disease  or  by  improper  diet  or  surroundings. 

The  joint  manifestations  of  haemophilia  may  resemble  tuberculous 
arthritis  very  closely.  The  diagnosis  can  usually  be  made  from  the 
associated  symptoms,  the  hemorrhagic  discolorization  of  the  skin 
near  the  affected  joint,  and  from  the  history. 

Treatment. 

Prophylaxis  may  be  of  some  value,  though  it  is  difficult  to  guard 
against  injuries  which  may  lead  to  hemorrhages  in  affected  individuals. 
When  it  is  known  that  the  individual  is  liable  to  become  a  bleeder 
every  safeguard  should  be  established  to  prevent  injuries,  and  slight 
surgical  operations,  such  as  lancing  the  gums,  circumcision,  the  ex- 
traction of  teeth,  vaccination,  and  the  like,  must  be  avoided  or  under- 
taken only  in  case  of  urgent  necessity.  Regarding  vaccination,  it 
may  be  pointed  out  that  this,  as  a  rule,  has  not  given  rise  to  hemor- 
rhages, though  cases  have  been  reported  in  W'liich  fatal  hemorrhage 
occurred  from  this  cause  (Strohmaj^er,  Henoch) .  The  extinction  of 
the  disease  by  regulation  of  the  marriage  of  bleeders  is  unfortunately 
impracticable.  Wherever  it  is  possible  to  prevent  marriage,  particu- 
larly of  the  female  members  of  a  family,  this  should  be  done,  and  in 
cases  in  which  the  disease  is  pronounced  in  type  it  should  be  in- 
sisted upon. 

After  the  occurrence  of  injuries  and  before  the  hemorrhage  has 
become  severe,  the  patient  should  be  put  at  absolute  rest  and  the 
wound  should  be  dressed.  In  many  cases  this  may  suffice  to  allay  the 
hemorrhage.  Unfortunately,  however,  this  is  frequently'  not  the  case. 
Among  other  measures  which  may  then  be  instituted  the  application 
of  ice  and  of  various  haemostatic  remedies  is  to  be  mentioned.  The 
more  powerful  styptics  have  the  disadvantage  in  small  hemorrhages 
of  causing  small  clots,  which  in  their  subsequent  separation  lead  to 
more  serious  hemorrhage  than  that  which  occurred  before.     Never- 
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theless,  the  solutions  of  the  perchloride  of  iron  have  been  frequently 
employed  and  have  sometimes  been  beneficial.  Even  the  cautery 
may  be  resorted  to  and  may  cause  arrest  of  the  hemorrhage,  but  the 
danger  of  secondary  hemorrhage  is  more  pronounced  in  this  case 
than  when  styptics  are  used.  Rest,  cold,  and  compression  are  upon 
the  whole  the  more  useful  methods  of  treatment.  In  the  case  of  epis- 
taxis  plugging  of  the  nostrils  may  become  necessary  after  solutions 
of  tannic  acid  or  gallic  acid  and  the  application  of  ice  water  have 
been  tried. 

Recently  certain  physiological  principles  regarding  coagulation 
have  been  applied  to  the  treatment  of  the  hemorrhages  in  this  disease. 
A.  E.  Wright  has  recommended  the  local  use  of  a  solution  of  fibrin  fer- 
ment in  an  aqueous  calcium-chloride  solution.  Von  Manteuffel  and 
Schmidt  have  reported  an  instance  in  which  hemorrhage  from  the 
gum  after  extraction  of  a  tooth  was  controlled  by  the  application  of  a 
solution  of  cocaine  followed  by  Schmidt's  zj^moplastic  substance. 
The  preliminary  use  of  cocaine  is  necessary  to  cause  temporary  con- 
traction of  the  blood-vessels  and  partial  control  of  the  hemorrhage,  so 
that  the  zymoplastic  substance  may  be  given  an  opportunity  to  oper- 
ate. The  same  authors  object  to  the  injections  of  fibrin  ferment  so- 
lutions in  calcium  chloride,  recommended  hj  Wright,  on  the  ground 
that  this  would  expose  the  patient  to  the  danger  of  ferment  intoxica- 
tion. 

A  great  variety  of  remedies  have  been  used  internally  in  the 
belief  that  they  have  exercised  a  controlling  influence  upon  the 
hemorrhages  or  upon  the  tendency  to  hemorrhages.  Among  such 
remedies  ergot,  acetate  of  lead,  perchloride  of  iron,  and  mineral  acids, 
particularly  aromatic  sulphuric  acid,  may  be  named.  There  is  little 
evidence,  however,  that  any  of  these  exercises  a  potent  effect.  More 
may  be  expected  of  the  continuous  use  of  calcium  in  the  form  of  cal- 
cium chloride,  lime  water,  or  other  salts.  In  several  instances  re- 
ported this  has  served  to  control  the  tendency  so  long  as  the  patient 
has  continued  using  the  remedy;  while  in  experimental  investigations 
it  has  been  found  by  Wright  that  the  coagulability  of  the  blood  of 
persons  liable  to  hemorrhage  has  been  considerably  increased  by  the 
internal  administration  of  calcium  chloride.  Magnesium  sulphate 
and  sodium  sulphate  in  purgative  doses  appears  to  exercise  a  favor- 
able influence  in  some  cases,  both  in  the  way  of  preventing  hemor- 
rhages and  also  in  controlling  them  after  their  onset.  The  action  in 
this  case  is  probably  one  of  inspissation  of  the  blood. 

During  the  continuance  of  the  hemorrhage  the  patient  must,  of 
course,  be  kept  absolutely  at  rest  and  in  a  horizontal  position ;  and 
at  times  it  is  necessary  to  elevate  the  feet  so  as  to  obviate  the  danger 


H/EMOPHILIA.  625 

of  ansemia  of  the  braiu.  In  such  cases  saline  transfusions  may  be 
necessaiy  to  prevent  extreme  depletion  of  the  circulation,  and  in  a 
case  recorded  by  Pearl  life  was  saved  by  this  procedure.  It  must 
be  remembered,  however,  that  the  introduction  of  the  needle  into 
the  skin  for  the  purpose  of  saline  injection  may  be  the  occasion  of 
further  hemorrhage  into  the  subcutaneous  tissues,  or  from  the  punc- 
ture, and  thus  increase  the  original  trouble.  This  aj^plies  even  to 
the  introduction  of  a  hypodermic  needle,  as  in  one  instance  in  which 
hemorrhage  from  the  gums  occurred  I  have  seen  enormous  subcu- 
taneous hemorrhage  filling  the  loose  areolar  tissue  of  the  arm  almost 
completely  after  the  introduction  of  a  hypodermic  needle  for  the  pur- 
pose of  administering  ergotin.  It  may,  therefore,  be  advisable  to 
practice  enteroclysis  before  hypodermic  injection  of  saline  solutions 
is  resorted  to. 

After  the  cessation  of  the  hemorrhage  the  patient  should  be  placed 
under  the  most  favorable  conditions  and,  when  it  is  possible,  a  resi- 
dence in  a  warm  climate  should  be  recommended.  Tonics  such  as 
cod-liver  oil,  arsenic,  and  iron  may  be  useful  to  improve  the  condition 
of  the  blood. 
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Synonijms. — Kickets,  morbus  anglicus,  articuli  duplicati,  rachi- 
tisme,  iwuures. 

Dejimfion. — Eacliitis  (also  spelled  rhacliitis)  is  a  general  disease, 
iotius  sabstantia',  characterized  by  deformities  of  the  skeleton  (bending 
of  the  diaphyses,  swelling  of  the  epiphyses,  the  "rachitic  rosary"  or 
enlargements  at  the  junction  of  the  ribs  with  their  cartilages)  which 
give  to  it  a  peculiar  physiognomy  enabling  one  to  recognize  it  on 
sight. 

History. 

During  the  first  half  of  the  seventeenth  century  a  disease,  hitherto 
unknown,  invaded  the  whole  of  England,  after  having  first  raged  for 
a  time  in  the  counties  of  Dorset  and  Somerset.  The  attention  of  the 
Royal  College  of  Physicians  was  called  to  the  disease,  and  it  ap- 
pointed a  commission  of  eight  members  to  investigate  and  report 
upon  it.  This  report,  prepared  by  Glisson,  Bate,  and  Regemorter, 
was  published  in  1650,  under  the  title:  "De  Rachitide,  Tractatus 
Opera  Primo  ac  Potissimum  Glissonii  Conscriptus,  Adscitis  in  Operis 
Societatem  Bate  et  Regemorter,"  Londiui,  1650.  This  is  the  earliest 
known  publication  on  the  subject  of  rickets,  and  the  histor}^  of  the 
disease  does  not  go  back  beyond  this  time ;  but  when  we  consider  the 
dyscrasic  origin  of.  the  affection,  which  is  a  true  maladie  de  mishe, 
we  are  forced  to  refer  its  origin  to  a  more  remote  period.  Neverthe- 
less, Glisson  was  the  first  to  describe  the  disease,  and  his  name  should 
ever  be  preserved  in  connection  therewith. 

On  the  Continent  of  Europe  the  term  morbus  anglicus  or  morbus 
Anglorum  (or  the  equivalent  in  the  modern  tongues)  has  long  been 
synonymous  with  rachitis.  In  England  and  America  the  popular 
name  of  the  disease  is  rickets,  derived  from  the  Norman  term  riquets, 
applied  to  persons  suffering  from  kyphosis  or  other  deformities. 
The  Greek  term,  rachitis,  proposed  by  Glisson  and  adopted  in  France 
(rachitisme),  is  a  less  happy  one,  for  it  suggests  a  rather  rare  localiza- 
tion of  the  disease  in  the  spine,  vertebral  gibbosity.  It  is  very  pos- 
sible, however,  that  in  Glisson's  time  Pott's  disease  of  the  spine  was 
not  always  differentiated  from  rachitis,  for  the  diagnosis  sometimes 
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presents  considerable  difficulty.  The  word  chartres  (career,  castrum) 
was  formerly  quite  extensively  employed  in  France,  suggesting  the 
idea  of  an  interference  with,  or  deprivation  of,  liberty  caused  by  the 
disease.  At  the  present  day  the  common  people  in  France  speak  of 
nouures  (knottings)  and  of  enfants  noues,  being  struck  especially  by 
the  epiphyseal  swelling.  The  same  symptom  has  found  expression 
in  names  applied  to  the  affection  in  all  languages — double  joints, 
doubles  jointures,  doppelte  Glieder,  articuli  dupUcati,  etc. 

After  Glisson,  who  had  well  described  the  symptoms  of  the  new 
disease,  Mayow,  of  Oxford  (1660),  called  attention  to  an  important 
characteristic,  namely,  the  softening  of  the  bones.  Later  J.  L.  Petit 
(1741)  emphasized  the  evil  consequences  of  jjremature  weaning. 
Duverney  ("Maladies  des  Os,"  1751)  described  the  pathological  anat- 
omy of  the  disease,  and  showed  that  the  bones  in  rachitis  are  soft- 
ened, rarefied,  lighter  than  normal,  more  tender,  more  fragile,  more 
liable  to  suffer  a  green-stick  fracture.  He  showed  that  the  bones  were 
rough  and  uneven  on  their  surface,  that  they  were  covered  in  places 
by  a  new  layer,  that  they  were  riddled  with  holes,  etc.  Portal  (1797), 
led  by  certain  morbid  coincidences,  divided  the  disease — which  had 
hitherto  been  regarded  as  a  morbid  entity — into  seven  varieties,  viz. : 
syphilitic,  scrofulous,  scorbutic,  rheumatic,  following  intestinal  le- 
sions, and  following  the  exanthemata.  He  used  mercury  in  the 
treatment  of  the  affection. 

The  physicians  of  the  nineteenth  century  have  described  with 
greater  definiteness  than  their  predecessors  the  symptoms,  course, 
etiology,  pathogenj',  etc.  Eufz  {Gazette  Medicale  de  Paris,  1834) 
showed  that  there  is  a  reddish,  elastic,  reticular  tissue  in  rachitic 
bones  which  Jules  Guerin  (1837-39)  called  spongoid  tissue.  This 
last-named  writer  describes  three  stages  of  the  disease,  as  follows: 
(1)  Period  of  incubation  or  of  effusion,  in  which  the  blood  becomes 
distributed  throughout  the  interstices  of  the  osseous  tissue;  (2) 
period  of  deformity  in  which  the  spongoid  tissue  invades  the  epiph- 
yses, diaphyses,  and  the  subperiosteal  space,  and  the  bones  soften 
and  bend;  (3)  period  of  resorption,  of  consolidation,  and  of  eburna- 
tion,  in  which  the  spongoid  tissue  becomes  compact  and  the  bone 
very  hard.  To  these  three  periods  he  added  .later  a  fourth,  not  con- 
stantly present,  in  which  the  osseous  tissue  remains  fragile  and  rare- 
fied—the period  of  consumption.  He  attempted  to  make  animals 
rachitic  by  changing  their  alimentation,  and  claimed  to  have  suc- 
ceeded in  so  doing  in  the  case  of  puppies.  His  anatomical  studies 
and  his  experiments  mark  an  epoch  in  the  history  of  rachitis. 

Trousseau  and  Lasegue  {Archives  de  Medecine,  1849)  and  Beylard 
(These  de  Paris,   1852)  published    remarkable  works  on  rickets  in 
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which  they  indicated  its  points  of  resemblance  to  osteomalacia. 
Broca  (Societe  anatomique  de  Paris,  1852)  showed  that  rachitis,  as 
regards  the  bones,  is  only  a  deviation,  an  arrest,  a  suspension  of 
normal  osteogenesis,  and  he  was  the  first  to  describe  the  histological 
lesions  of  the  disease. 

Virchow  (1853),  taking  up  the  study  of  the  rachitic  process, 
pointed  out  its  analogies  to  parenchymatous  osteitis.  Kassowitz  and 
Baginsky  appear  also  to  have  adopted  this  view  of  the  nature  of  the 
affection. 

Parrot  (International  Medical  Congress  of  London,  1881),  throw- 
ing aside  all  the  preconceived  notions  of  the  disease,  claimed  to 
prove  anatomically  and  clinically  that  rachitis  is  always  a  conse- 
quence of  syphilis.  This  opinion,  although  ably  presented,  has  not 
obtained  general  acceptance.  I  have  endeavored  in  a  previous  work 
("Le  Eaehitisme,"  Paris,  1892)  to  show  in  what  respect  this  theory 
was  wrong. 

The  view  that  rickets  is  dependent  upon  a  previously  existing 
affection  of  the  digestive  tube,  gastro-intestinal  dyspepsia,  or  gastric 
ectasia,  so  frequently  present  in  sufferers  from  the  disease— a  view 
which  I  believe  to  be  the  correct  one— will  be  presented  in  detail  in 
the  section  on  Pathogenesis. 

Pathological  Anatomy  and  Physiology. 

In  rickets  everything  is  diseased,  all  the  tissues  and  aU  the  fluids 
of  the  body  have  undergone  a  change  in  their  structure  or  in  their 
biochemical  action.  These  lesions  are,  however,  specially  marked 
on  the  side  of  the  bony  framework,  and  it  is  therefore  in  a  considera- 
tion of  the  changes  in  the  bones  that  we  will  begin  our  study. 

For  many  authors  rachitis  is  simph'  a  disease  of  the  locomotor 
apparatus,  falling  therefore  in  the  domain  of  the  surgeon  or  orthop- 
edist. But  it  is  so  only  in  appearance,  for  the  bones  are  not  the 
first  or  the  only  organs  attacked,  and  ijhysicians  have  always  disputed 
with  surgeons  the  propriety  of  their  management  of  the  disease, 
which  consequently  enjoys  the  distinction  of  being  treated  in  all 
treatises,  whether  they  be  strictly  medical  or  purely  surgical  in 
character.  , 

The  lesions  of  the  bones  are  visible  to  the  naked  eye  in  well- 
marked  cases,  but  always  are  to  be  seen  on  microscopic  examination. 
The  long  boiies  are  curved  or  rotated  on  their  axes,  sometimes 
sharply  bent  at  several  points;  the  epiphyses  at  the  wrists  and 
ankles  are  swollen ;  the  vertebral  column  ma}'  be  deviated  posteriorly 
(kyphosis)  or  laterally  (scoliosis) ;   there  are  swellings  on  each  side 
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of  tlie  sternum  at  the  junction  of  the  ribs  with  their  cartilages  (ra- 
chitic rosary) ;  the  ribs  are  sunken  in  laterally,  thus  narrowing  the 
thoracic  cage  and  throwing  the  sternum  forward  (chicken  breast) ; 
the  flat  bones  of  the  skull  and  of  the  pelvis  are  also  deformed,  bent 
inwards,  etc. 

All  these  bones  when  removed  from  the  soft  parts  appear  rarefied, 
spongy,  lighter,  softer,  and  more  friable  than  in  the  normal  state. 
Trousseau  has  insisted  upon  the  lightness  of  the  bones.  Even  after 
the  morbid  process  is  concluded  and  rarefaction  has  given  place  to 
eburnation  it  will  be  found  that  the  rachitic  femur,  for  instance, 
weighs  less  than  a  normal  femur  of  the  same  size.  The  entire  skele- 
ton of  a  rachitic  child  of  eight  years  examined  by  Trousseau  weighed 
only  one  kilogramme  instead  of  seven  or  eight,  which  is  the  ordinary 
weight. 

In  extreme  cases  the  bones  are  soft  and  flexible,  and  may  be  bent 
like  green  wood.  Their  surface  preserves  the  impression  of  the  nail ; 
their  tissue  can  be  cut  with  a  knife.  This  diminished  consistence  of 
the  bony  framework  explains  the  spontaneous  fractures,  which  are 
rather  frequent  in  severe  forms  of  rachitis. 

Stages. 

Following  the  example  of  Jules  Guerin  we  may  describe  three 
stages  in  the  anatomical  evolution  of  the  disease : 

1.  Effusion  and  Bare/action. — The  bones  not  yet  deformed  are 
more  elastic  and  less  hard  than  in  health;  the  periosteum  is  thick, 
vascular,  adherent  to  the  roughened  and  irregular  surface  of  the  sub- 
jacent bone.  If  we  cut  this  bone  we  see  that  its  areolae  are  dilated, 
filled  by  a  blood-stained  matter  resembling  gooseberry  jam.  This 
jelly-like  material  is  found  also  in  the  medullary  canal,  under  the 
periosteum,  and  between  the  separated  layers  of  the  diaphysis.  This 
is  what  is  called  the  medullization  of  the  bones.  The  cartilage  which 
separates  the  diaphysis  from  the  epiphysis  is  itself  thick,  bluish, 
softened,  and  may  be  detached  by  the  action  of  water. 

The  same  areolar  condition  and  the  same  medullization  are  found 
in  the  flat  bones :  the  bony  tables  are*  thinned  while  the  diploe  is 
swollen  and  succulent.  The  same  condition  is  present  also  in  the 
short  bones.  All  the  bones  when  dried  are  seen  to  be  porous, 
friable,  rarefied,  and  decalcified. 

2.  Deformation  and  Organization  of  the  Effused  Material. — If  the 
changes  above  described  continue  to  increase,  the  bones  yield  to  mus- 
cular action  and  to  pressure,  becoming  deformed,  curved,  flattened, 
twisted,  and  may  be  cut  into  strii)S.  Water  injected  into  the  bone 
will  traverse  the  lamellse  and  fill  all  the  areolar  cavities.     It  is  in  this 
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stage  tLat  the  epiphyses  become  swollen,  that  tlie  rachitic  rosary  is 
formed,  and  that  the  diapliyses  become  curved.  In  the  concavity 
of  these  curves  the  periosteum  is  thicker,  more  vascular,  and  more 
firmly  adherent  than  on  the  convex  side;  a  new  osseous  formation 
sei^arates  it  from  the  old  bone.  The  medullary  canal  has  neither  the 
same  calibre  nor  the  same  extent,  nor  the  same  direction ;  it  may  be 
obliterated  or  it  may  open  externally  at  the  apex  of  the  convexity, 
when  the  curve  is  very  pronounced,  and  we  may  thus  see  the  two 
ends  of  the  medullary  canal  join"  at  an  obtuse  angle  at  the  ajjex  of 
the  curvature.  Usuall}^  it  is  narrowed  in  its  central  portion  and 
dilated  at  the  extremities,  having  somewhat  the  form  of  an  hour-glass. 
It  is  during  this  stage  also  that  the  si^ongoid  tissue  of  Jules  Gue- 
rin  appears — the  swollen  bones  suggest  a  sponge,  a  biscuit,  or  gluten 
bread.  We  find  a  reddish  reticular  layer  resembling  a  fine  sponge 
between  the  epiphyseal  cartilage  and  the  spongy  diaphyseal  tissue. 
The  fractures,  complete  or  incomplete,  spontaneous  or  resulting  from 
slight  traumatisms,  sometimes  intra-uterine,  are  due  to  these  le- 
sions. These  fractures,  ordinarily  subperiosteal,  unite  readily  some- 
times with  an  excess  of  callus ;  but  they  maj-  terifiinate  in  a  pseud- 
arthrosis.  The  long  bones  are  exposed  to  fracture;  the  flat  bones, 
especially  those  of  the  vault  of  the  cranium,  present  spots  of  softening 
and  of  spontaneous  perforation — the  craniotabes  of  Elsasser  (1843). 
This  craniotabes  or  craniomalacia  affects  the  occipital  and  parietal 
bones,  and  the  petrous  portion  of  the  temporal  bone,  but  verj'  rarely 
the  frontal.  The  lime  salts  are  absorbed,  leaving  the  dura  mater 
and  the  periosteum  almost  in  contact;  the  bone  is  replaced  by  a  soft 
and  depressible  fibrous  layer  which  leaves  the  brain  without  protection 
against  external  injury. 

3.  Consolidation  and  Eburnaiion. — After  this  longer  or  shorter 
period  of  disorganization  and  destruction  comes  the  stage  of  repara- 
tion, but  the  first  is  not  necessarily  concluded  before  the  second  be- 
gins. The  new  tissue  effused  beneath  the  periosteum,  between  the 
layers  of  the  diaphysis,  in  the  epiphyseal  areolae,  becomes  organized 
and  calcified.  The  bones  then  become  harder  at  the  same  time  that 
they  become  straighter,  and  the  nodosities  gradually  become  less 
marked.  The  bone  often  becomes  harder  and  denser  than  normal — 
eburnated.  The  osteoid  tissue  described  by  Yirchow  is  replaced  by 
osseous  tissue. 

4.  Consumption. — In  some  cases  this  reparation  does  not  take 
place,  the  bones  remain  spongy  and  rarefied  and  their  areohp  become 
filled  with  fat;  they  are  then  excessively  porous,  light,  and  fragile. 

Mici^oscopiccd  Examination. — Broca  was  the  first  to  give  us  a  satis- 
factory histological  description  of  the  osseous  lesions  of  rickets.     He 
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takes  for  comparison  the  process  of  normal  ossification.  The  dia- 
epiphyseal  cartilage,  which  is  the  active  agent  in  the  growth  of  long 
bones,  passes,  before  arri\dng  at  the  condition  of  perfect  bone,  through 
the  intermediate  stages  called  chondroid  and  spongoid.  This  layer 
of  pearly  hyaline  cartilage,  which  sejjarates  the  body  of  the  bone 
from  its  head,  becomes  more  oijaque  and  thicker,  proliferates,  and  be- 
comes transformed  into  spongy  tissue  with  fine,  brittle  trabeculse  be- 
fore becoming  compact  tissue.  In  rachitis  the  ossification  is  inter- 
fered with;  the  chondroid  and  si^ongoid  tissues  accumulate  at  the 
extremities  of  the  diaphysis  without  undergoing  their  final  osseous 
transformation.  In  the  case  of  the  short  and  the  flat  bones  no  spon- 
goid tissue  is  formed,  but  medullization  occurs  with  softening  and 
decalcification.  Let  us  imagine  a  vertical  section  of  the  extremity  of 
a  long  bone  in  process  of  growth — of  the  femur,  for  example.  Be- 
tween the  diaphysis  and  the  intermediary  cartilage  is  seen  a  bluish 
layer  one-half  to  two  millimetres  in  thickness;  this  is  the  normal 
chondroid  layer.  It  is  formed  of  primary  cartilaginous  capsules 
containing  secondary  capsules  in  j^arallel  rows  separated  from  each 
other  by  "rivers"  of  a  granular  substance.  This  is  the  "rivulation" 
of  Broca.  The  lime  salts  are  deposited  first  in  the  midst  of  these 
tracts  or  "rivers"  of  granular  substance,  and  then  in  the  primary 
capsules.  The  secondary  capsules  are  dissolved,  the  cells  which  they 
contain  proliferate  and  fill  the  primary  capsules,  which  finally  form 
communications  with  each  other  through  jjartial  absorption  of  the 
calcified  x^artitions  which  separated  them.  This  is  the  normal 
spongoid  layer  which  has  succeeded  the  chondroid  layer.  Then  the 
vessels  penetrate  this  layer,  canaliculi  are  formed,  and  the  manu- 
facture of  bone  is  thus  accomplished. 

We  shall  see  now  how  rachitis  disturbs  this  process  of  normal 
ossification.  The  normal  chondroid  layer  or  layer  of  proliferated 
cartilage  increases  greatly,  attaining  a  thickness  of  from  four  to 
twelve  millimetres  instead  of  one  or  two.  The  normal  si)ongoid  layer 
or  layer  of  proliferated  and  calcified  cartilage  is  also  thicker;  it  is, 
as  it  were,  mortised  with  the  preceding,  and  there  may  even  be  sepa- 
rate islets  of  the"  spongoid  tissue  in  the  substance  of  the  chondroid 
substance  and  vice  versa.  The  vessels  are  dilated.  Beneath  this 
layer  appears  a  red,  vascular,  spongy  tissue  having  the  appearance  of 
bone  partially  softened  by  acids.  The  secondary  capsules  of  the 
proliferated  cartilage  are  not  dissolved  but  become  calcified;  the 
vessels  increase  in  size,  anastomose  with  each  other,  and  form  a  cav- 
ernous tissue.  Under  the  periosteum  the  exuded  material  is  trans- 
formed into  connective  tissue  and  then  into  osteoid  tissue  (Virchow). 
When  the  diaphysis  becomes  curved  the  osteoid  tissue  accumulates  in 
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a  thick  layer  in  the  coBcavity  of  the  curve  but  remains  tliiii  on  its  con- 
vexity. This  tissue  is  also  deposited  under  the  periosteum  of  the 
flat  bones.  In  the  short  bones  we  find  a  no  less  marked  disturbance 
of  ossification :  islets  of  cartilaginous  tissue  surrounded  by  the 
spongoid  substance  are  seen  here  and  there,  the  vessels  are  more 
numerous,  and  the  rarefaction  of  the  bone  is  very  evident. 

To  recapitulate :  the  intermediary  cartilage  which  is  concerned  in 
the  growth  of  the  long  bones  passes,  before  becoming  perfect  bone, 
through  two  transitory  stages — choudroid  and  spongoid.  The  chon- 
droid  tissue  is  proliferated  cartilage ;  the  spongoid  tissue  is  prolife- 
rated and  ossified  cartilage.  These  transitory  stages  become  perma- 
nent in  rachitis. 

A.  PoUosson  has  noted  in  cases  of  cured  rachitis  the  persistence 
of  little  cartilaginous  pearls  in  the  midst  of  the  epiphyseal  osseous 
tissue ;  and  this  was  also  noted  by  Broca.  The  long  persistence  of 
these  cartilaginous  granules  might  explain  the  late  deformities,  such 
as  genu  valgum,  coxa  vara,  the  exostoses,  and  the  scoliosis  of  adoles- 
cents. We  should  add  that  in  what  seems  to  be  partial  rachitis 
limited  clinically  to  a  single  limb  or  a  single  bone,  the  lesions  ^re 
generalized  throughout  the  skeleton,  Poncet,  of  Lyons,  has  insisted 
especially  and  justly  upon  this  point :  rachitis  affects  all  the  bones  at 
once,  but  in  unequal  degree;  it  is  the  epiphyses,  the  growth  of  which 
is  most  active,  which  present  the  lesions  in  most  marked  degree. 

Chemical  Changes. 

Chemical  analysis  of  rachitic  bones  has  shown  a  true  inversion  in 
the  proportions  of  organic  and  inorganic  constituents.  Normally, 
the  calcareous  matter  in  bone  represents  two-thirds  of  the  substance, 
the  organic  matter  one-third  only ;  but  in  rachitis  the  proportion  is 
reversed,  the  mineral  salts  constituting  not  more  than  one-third  of 
the  entire  mass.  According  to  Baginsky  the  quantity  of  lime  is  de- 
creased threefold  or  even  more.  This  decalcification  is  the  principal 
fact  brought  into  relief  by  chemical  analysis.  The  same  condition 
exists  in  even  greater  intensity  in  osteomalacia,  but  here  it  is  com- 
plicated with  the  presence  of  an  excessive  amount  of  fat.  '  In  addition 
to  this  decalcification  Friedleben  has  found  in  rachitic  bones  a  not- 
able increase  in  the  amount  of  water  with  a  slight  excess  of  fat  and  of 
carbonic  acid.  We  must  inquire  what  is  the  significance  of  this  lime 
deposit  noted  in  the  rachitic  skeleton,  but  first  we  must  form  certain 
deductions  from  the  results  of  anatomical  examination  just  men- 
tioned. 

The  exaggerated  vascularization,  the  medullization,  the  swell- 
ing, and  the  softening  of  the  bones  reveal  a  profound  nutritive  dis- 


536  COMBY— RACHITIS. 

turbance  wliich  certain  authors  (Pommer,  Tedeschi)  attribute  to  the 
influence  of  the  nervous  system,  which  others  (Kassowitz,  Baginsky) 
group  among  the  irritative  and  congestive  processes,  and  which 
others,  finally,  regard  as  of  infectious  nature.  Mircoli  has  found  post 
mortem  in  the  bones  of  rachitic  subjects  various  pyogenic  microbes 
(streptococci  and  staphylococci.)  Chaumier  regards  rachitis  as  a 
specific  contagious  disease.  The  pathological  anatomy  of  the  affec- 
tion, however,  does  not  warrant  such  a  conclusion,  but  accord^  better 
with  the  doctrine  of  a  dyscrasia. 

Visceral  Lesions. 

The  lesions  in  the  bones  are  preceded  or  accompanied  by  more  or 
less  marked  visceral  lesions.  Glisson  remarked  upon  the  increased 
size  of  the  abdomen.  This  big  belly,  which  is  habitual,  not  to  say 
constant,  is  not  due  to  a  narrowing  of  the  thorax  with  consequent  de 
pression  of  the  diaphragm,  but  rather  to  dilatation  of  the  stomach  and 
intestines,  and  in  a  measure  also  to  hypertrophy  of  the  liver  and  of 
the  spleen.  I  have  repeatedly  called  attention  to  this  gastric  ectasia, 
the"  clinical  signs  of  which  I  have  noted  in  a  great  number  of  rachitic 
children  and  the  presence  of  which  I,  with  others,  have  also  been 
able  to  verify  post  mortem.  Huguenin,  in  a  little  rachitic  patient  of 
ten  months  and  a  half,  noted  the  lower  border  of  the  stomach  2  cm. 
below  the  umbilicus;  at  the  same  time  the  liver  was  fatty  and  the 
spleen  hypertrophied.  Baginsky  found  the  stomach  softened  and 
dilated  in  a  child  two  years  of  age.  Nothing  is  more  common  than 
to  find  gastric  ectasia  at  the  post-mortem  examination  of  rachitic 
children,  and  it  is  very  certain  that  this  is  the  usual  condition. 

Enlargement  of  the  liver  and  of  the  spleen  is  not  uncommon ;  it 
may  be  complicated  with  hyperglobulia  and  leucocytosis  (Luzet),  and 
with  hypertrophy  of  the  lymphatic  glands. 

On  the  part  of  the  respiratory  organs  we  find  lesions  of  a  conges- 
tive and  inflammatory  nature.  The  deformity  of  the  thoracic  wall 
interferes  with  the  action  of  the  lungs,  provokes  emphysema,  induces 
and  aggravates  bronchitis,  pulmonary  congestion,  bronchopneumo- 
nia, etc. 

The  heart  is  occasionally  compressed  and  displaced,  and  milk 
spots  are  often  found  on  the  pericardium. 

The  brain  is  not  well  developed,  the  cerebrospinal  fluid  is  abun- 
dant, tlie  ventricles  are  sometimes  dilated;  and  nervous  troubles  are 
quite  frequently  observed,  such  as,  for  example,  glottic  spasm,  con- 
vulsions, muscular  weakness,  and  pseudoparalysis.  The  muscles  also 
may  become  atrophied  from  disuse,  the  progress  towards  recovery 
being  thereby  delayed  and  rendered  more  uncertain. 
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In  brief,  every thiug  is  diseased  in  rickets,  and  although  the 
osseous  lesions  have  hitherto  been  chiefly  studied  they  are  far  from 
being  the  only  lesions. 

FcETAL  OR  Congenital  Kickets. 

Wlieu  rickets  declares  itself  before  birth  it  can  hardly  have  an 
anatomical  evolution  of  the  kind  described  bj'  Broca.  We  find,  in- 
deed, the  appearances  common  to  all  ages — decalcification,  deformity, 
and  fracture  of  the  bones — but  is  the  process  the  same  in  the  two 
cases?  Many  cases  of  congenital  rachitis  may  be  referred  to  achon- 
droplasty  or  an  anomaly  of  osteogenesis.  Porak  and  Durante 
(Societe  de  Medecine  et  de  Chirurgie  Pratiques,  June  14tli,  1894) 
found  as  the  only  lesion  in  the  case  of  a  new-born  child,  who  would 
have  been  pronounced  by  everj^body  as  rachitic  (having  a  soft  skull, 
twisted  limbs,  and  fragile  bones),  a  marked  rarefaction  of  the  bones 
and  a  dilated  medullary  canal  containing  marrow  surrounded  by  a 
thin  layer  of  bone.  This  process  of  excessive  resorption  has  nothing 
in  common  with  the  rachitis  process.  It  is  therefore  not  certain,  in 
spite  of  api)earances,  that  congenital  rickets  is  the  same  thing  as 
rachitis  of  earlj-  childhood,  as  it  is  also  not  certain  that  late  rickets, 
the  rickets  of  adolescence,  is  identical  with  the  two  just  named. 

Symptoms. 

Rachitis  is  a  chronic  disease;  its  onset  is  insidious,  its  progress 
slow  and  prolonged,  its  termination  distant.  Some  authors  describe 
prodromes,  such  as  general  weakness,  muscular  inertia,  pallor,  and 
sweating  about  the  head.  Later  the  child  ceases  to  walk  or  to  stand 
erect.  If  it  has  not  yet  walked,  it  is  remarked  that  it  does  not  do  so 
by  the  time  that  it  should ;  or  that  if  it  learns  to  walk,  it  does  so 
slowly  and  with  difficulty. 

But  that  which  ordinarily  precedes  rickets  is  the  gastro-intestinal 
dyspepsia  of  nurslings :  diarrhoea  and  constipation,  eructations, 
vomiting,  distention  of  the  abdomen,  erythema  of  the  buttocks,  urti- 
carial eruptions,  etc.  The  dyspepsia  itself  arises  from  faulty  alimen- 
tation, to  which  rachitis  is  ordinarily  attributed. 

But  the  disease  may  occasionally  appear  without  prodromes,  fol- 
lowing acute  affections  which  have  profoundly  disturbed  the  nutrition 
of  the  young  child,  such  as  the  exanthemata,  bronchopneumonia,  etc. 

Once  present,  rachitis  is  readily  recognized  by  symptoms  which 
disturb  the  plasticity  of  the  bod^^  and  the  harmony  of  its  contours. 
The  disease  may  be  manifested  in  one  member,  one  bone,  or  one  part 
of  the  trunk  alone,  and  is  then  called  partial;  at  other  times  it  at- 
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tacks  in  more  or  less  marked  degree  the  greater  number  of  all  of  the 
bones,  being  then  general.  Jules  Guerin  has  stated  as  a  law  that  the 
rachitic  deformities  appear  in  order  from  below  upwards  and  that  a 
deformit.Y  of  one  part  of  the  skeleton  implies  deformity  of  all  the 
parts  below.  This  is  not  correct,  however,  for  the  signs  of  rickets  often 
appear  in  the  head  or  thoracic  wall  before  any  evidence  of  the  disease 
is  manifested  in  the  extremities.  It  is  this  order  from  above  down- 
wards that  I  shall  follow  in  my  description  of  the  disease. 

Head. — In  most  rachitic  children  the  head  appears  to  be  enlarged, 
the  frontal  bosses  are  more  prominent  (Olympian  forehead),  the  pa- 
rietal bosses  are  also  exaggerated,  and  the  head  takes  on  a  square 
and  brachy cephalic  shape;  the  encephalic  mass  appears  to  be  more 
voluminous  than  normal,  and  there  is  sometimes  even  hydroceph- 
alus. The  anterior  fontanelle  is  almost  always  widely  patent,  and 
its  closure,  which  normally  occurs  at  the  age  of  fifteen  or  sixteen 
months,  will  be  retarded  up  to  the  second,  third,  or  fourth  year. 
Sometimes  there  is  a  projection  at  the  site  of  the  fontanelle,  pulsating 
strongly,  and  a  systolic  murmur  may  be  heard  on  auscultation;  this 
is  the  cephalic  souffle  of  H.  Eoger.  The  bones  of  the  cranium  are 
occasionally  found  softened  throughout  a  variable  extent  as  a  result 
of  a  precocious  decalcification  which  may  even  be  congenital.  This 
craniomalacia  usually  spares  the  frontal  bones,  affecting  by  predilec- 
tion the  occipital,  the  parietal,  and  the  petrous  portions  of  the  tem- 
poral bones;  it  is  the  soft  occiput— r^eicAe  Binterkopf^the  cranio- 
tabes  of  Elsasser  (Stuttgart,  1843). 

Elsasser  attaches  a  tragic  significance  to  this  cranial  lesion. 
Struck  by  the  occipital  softening  he  was  led  to  dread  pressure  on  the 
brain,  and  he  attributed  to  this  softened  occiput  the  convulsions  which 
often  terminated  the  life  of  the  wretched  little  patients  whom  he  ob- 
served. Of  twenty -nine  cases  fourteen  died,  ten  of  these  in  convul- 
sions. However,  when  we  search  for  craniotabes  systematically  in 
children  during  the  first  years  of  life  it  is  surprising  with  what  fre- 
quency we  encounter  it  even  in  apparently  healthy  children  who  do 
not  seem  to  be  rachitic  or  predisposed  to  rickets.  Syphilis,  which 
was  regarded  as  a  cause  of  the  condition  by  Parrot,  has  nothing  to  do 
with  the  production  of  craniotabes. 

Although  this  lesion  does  not  seem  to  play  any  pathogenic  role  of 
consequence,  and  although  it  is  responsible  neither  for  laryngeal 
spasm  nor  for  convulsions,  nor  yet  for  tetany,  in  the  production  of 
which  Kassowitz  regarded  it  as  active,  it  nevertheless  deserves  a  brief 
description.  Craniotabes  is  a  silent  and  latent  symptom  and  must 
be  searched  for.  The  hand  pressed  lightly  over  the  skull  encounters 
softened,  depressible  spots  in  the  posterior  part.     The  sensation  is 
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as  if  the  boue  were  less  Lard,  yielding  to  the  finger  like  a  piece  of 
cardboard,  of  parchment,  or  of  mica.  In  extreme  cases  the  finger  is 
separated  from  the  brain  substance  merely  by  a  soft  and  flexible 
fibrous  membrane.  Sometimes  the  softening  ia  of  wide  extent,  involv- 
ing a  large  part  of  almost  all  of  one  or  several  bones,  while  sometimes 
it  is  limited  to  a  small  area,  the  resulting  depressions  scarcely  ad- 
mitting the  extremity  of  one  finger.  Pressure  on  these  softened  spots  is 
well  borne  by  the  child,  and  the  danger  of  compression  of  the  brain 
in  this  condition  is  almost  entirely  imaginary.  I  have  seen  very 
many  children  aftected  with  craniotabes ;  some  (verj^  few)  had  con- 
vulsions or  laryngismus  sti'idulus,  but  most  of  them  had  never  had 
even  the  slightest  nervous  symptoms.  On  the  other  hand,  I  have 
often  seen  children  sufi'ering  with  glottic  spasm  who  were  wholly  free 
from  craniotabes. 

Craniotabes  develops  slowly  and  is  always  cured  upon  the  renewal 
of  the  process  of  ossification.  It  is  encountered  in  badly  nourished 
children,  those  brought  u]>  on  the  bottle  or  who  receive  an  insuffi- 
ciency of  breast  milk,  in  twins,  and  in  short,  in  all  who  do  not  obtain 
enough  food  of  the  proper  quality- .  It  is  especially  frequent  between 
the  ages  of  six  and  eight  months,  but  may  be  observed  both  before 
and  after  this  age,  from  that  of  a  few  weeks  up  to  twenty,  twenty-two, 
or  twenty-four  months.  We  must  differentiate  craniotabes  from  con- 
genital or  traumatic  fissures  of  the  skull  and  from  loss  of  substance 
with  meningocele,  due  ordinarily  to  a  traumatism  followed  by  resorp- 
tion of  the  bone. 

Next  to  the  cranial  vault,  rachitis  may  impress  its  marks  upon 
the  face.  Fleischmann  has  shown  that  the  inferior  maxilla  may  ac- 
quire a  polygonal  form  which  will  interfere  with  the  evolution  of  the 
permanent  teeth.  The  palatine  vault  may  be  deformed,  the  alveolar 
border  may  be  projected  forward;  the  nasal  fossae  will  be  narrowed  in 
consequence,  the  tonsils  will  be  approximated  to  each  other,  and 
there  will  be  a  marked  predisposition  to  coryza  and  catarrhal  sore 
throat. 

These  lesions,  however,  are  rare.  The  most  common  effect  of 
rickets  is  seen  in  the  retardation  of  the  first  dentition.  A  healthy 
child  cuts  his  first  tooth  at  the  age  of  six,  seven,  or  eight  months ;  a 
rachitic  infant  will  have  no  teeth  before  the  twelfth  or  fifteenth  month. 
If  the  disease  has  commenced  after  the  eruption  of  the  first  teeth,  the 
appearance  of  the  others  will  be  delayed,  and  the  child,  who  ought  to 
have  his  twenty  teeth  at  two  or  two  and  a  half  years  of  age,  will  not 
have  all  of  them  before  the  end  of  the  third  or  fourth  year.  Along 
with  this  delay  in  dentition  there  may  be  a  precocious  caries  of  the 
milk  teeth.     When  the  jaws  are  deformed  the  permanent  teeth  may 
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overlap  each  other,  presenting  an  irregular  implantation.  These 
symptoms  just  enumerated  are  the  cephalic  manifestations  of  rachitis, 
often  the  first  in  point  of  time. 

Thorax. — The  normal  curves  of  the  clavicle  are  often  exaggerated, 
its  regular  arcs  being  transformed  into  acute  angles,  whence  results  a 
shortening  of  the  bones  and  a  consequent  narrowing  of  the  shoulders. 

The  ribs  present  two  kinds  of  deformities,  inflections  and  nodosi- 
ties. Fastened  between  two  vertical  pieces,  the  sternum  and  the  ver- 
tebral column,  the  ribs  yield  to  atmospheric  pressure  and  the  action  of 
the  diaphragm  and  are  depressed  laterally,  driving  in  the  lungs,  push- 
ing back  the  heart,  narrowing  the  thoracic  cage,  pushing  the  vertebrae 
backwards  and  the  sternum  forwards  (chicken  breast,  pectus  carina- 
tum).  This  lateral  siuking-in  of  the  ribs  affects  only  the  middle  ones ; 
the  upper  ribs,  which  are  short  and  protected  by  thick  muscles,  do  not 
become  deformed ;  and  the  lower  ones,  which  are  more  movable  and 
more  free  from  attachments  spread  out  over  the  abdominal  viscera. 
On  transverse  section  the  thorax,  with  its  lateral  indentations  and  its 
anterior  and  posterior  projections,  presents  the  form  of  a  figure  8. 
We  may  readily  understand  that  the  play  of  the  lungs  and  of  the 
heart  will  be  interfered  with  by  a  deformity  of  this  nature.  Some 
patients  have  a  sinking-in  of  the  sternum,  either  longitudinal  or  fun- 
nel-shaped. Among  the  most  curious  and  best  defined  of  the  rachi- 
tic manifestations  are  the  nodosities  at  the  junction  of  the  ribs  Avith 
their  cartilages,  forming  the  "  rachitic  rosary ;"  these  nodosities  pro- 
ject inwards  as  well  as  outwards  as  may  readily  be  observed  at  autop- 
sies. The  vertebral  column  often  escapes.  When  it  is  affected  there 
is  a  large  rounded  kyphosis  in  the  dorsal  region,  a  wider  and  more 
projecting  and  less  angular  gibbosity  than  that  of  Pott's  disease.  In 
late  childhood  and  adolescence  the  deformity  observed  is  scoliosis. 

Pelvis. — The  d&formities  of  the  pelvic  bones  may  have  grave  con- 
sequences in  women ;  the  sacrovertebral  angle  being  more  projecting, 
the  pelvis  is  narrowed  and  natural  labor  is  rendered  difiicult,  some- 
times even  impossible.     . 

Extremities. — It  is  in  the  extremities  that  the  rachitic  deformities 
are  most  striking  and  characteristic  by  reason  of  the  curvatures  of  the 
bones,  the  swelling  of  the  epiphyses,  and  the  resulting  diminution  in 
height. 

The  epiphyseal  swellings  are  especially  noticeable  at  the  wrists  and 
ankles.  The  radiocarpal  and  the  tibiotarsal  articulations  are  sur- 
mounted by  a  sort  of  prominent  ring  or  bracelet  caused  by  the  increase 
in  size  of  the  epiphyses.  The  swelling  is  hard,  painless,  without 
inflammatory  symptoms.  The  neighboring  articulations  seem  to  be 
relaxed  and  movement  of  them  is  sometimes  accompanied  by  a  crack- 
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ing  sound.  These  epiphyseal  swellings  are  an  early  naanifestation  of 
the  disease ;  they  precede  the  curvatures  of  the  shafts  of  the  bones 
and  they  also  disappear  before  them.  All  the  long  bones  of  the  ex- 
tremities— femur,  humerus,  tibia,  fibula,  ulna,  radius — may  present 
curvatures  or  fractures  of  their  diaphyses.  In  general  the  curva- 
tures are  in  the  direction  of  the  natural  curves ;  the  normal  conca^'ity 
of  the  radius  and  of  the  ulna  is  increased,  the  torsion  of  the  humerus 
is  accentuated,  the  femur  projects  outwards  and  forwards,  describing 
with  its  fellow  an  imi^erfect  oval.  The  curvatures  of  the  legs  are 
symmetrical  or  unequal ;  sometimes  the  two  tibiae  present  to  each  other 
a  concave  surface,  forming  parentheses — (  )— the  child  is  bandy-leg- 
ged ;  sometimes  their  convex  svu'faces  look  towards  each  other — )  ( — 
the  knees  incline  towards  each  other  and  knock  together,  while  the 
feet  are  divergent — the  child  is  knock-kneed  (genu  valgum).  Double 
genu  valgum,  combined  with  the  femoral  oval,  gives  to  the  lower 
extremities  an  X-shape.  If  the  curves  are  not  symmetrical  we  may 
have  one  member  straight  while  the  other  is  angular,  the  two  having 
the  shape  of  a  K ;  this  figure  is  represented  by  unilateral  genu  valgum, 
due  to  swelling  of  the  internal  condyle  of  one  femur.  Some  patients, 
during  early  childhood  or  later,  have  adduction  with  external  rotation 
of  the  lower  extremity,  caused  by  a  flexion  of  the  neck  of  the  femur, 
which,  instead  of  forming  with  the  diaphysis  an  angle  of  126°  to  128°, 
makes  one  of  100°,  of  80°,  or  of  60°.  This  is  called  coxa  vara;  it  is 
distinguished  from  hii:>  disease  by  the  absence  of  any  articular  lesion, 
ankylosis,  etc. 

The  tiliia  may  be  deformed  by  multiple  subperiosteal  fractures, 
which  make  its  crest  irregular  and  angular.  When  it  is  not  fractured 
it  presents  the  characteristic  sword-blade  inflection;  its  crest  forms  a 
regular,  rounded,  forward  projection,  its  posterior  border  forms  an 
arch,  its  lateral  faces  are  flattened;  the  whole  bone  is  smooth  and 
without  roughened  surfaces  or  exostoses. 

When  the  disease  is  very  severe  these  lesions  are  incurable  and 
permanent,  development  is  impeded,  the  stature  is  diminished,  and 
the  patients  are  condemned  to  remain  dwarfs  throughout  life.  In 
some  cases  the  deformities  grow  less  marked  though  the  dwarfish 
stature  persists. 

The  general  appearance  of  a  rachitic  child  is  as  follows :  if  the 
child  is  stripped  naked  and  obseiwed  from  the  front,  one  is  stnick  by 
the  volume  of  his  head  and  belly,  joined  by  a  straight  body,  the 
whole  recalling  a  figure-of-8  or  a  gourd.  The  sternum  projects  for- 
wards, the  spinal  column  is  curved  backwards,  the  ribs  are  depressed 
laterally,  separated  below,  and  marked  by  a  double  symmetrical 
rachitic  rosary.     Add  to  this  that  the  wrists  are  doubled  in  size,  the 
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forearms  are  curved  inwards,  and  tlie  legs  are  shortened,  separated, 
and  bent  in  various  directions,  and  you  will  have  a  never-to-be-forgot- 
ten aspect  of  a  rachitic  child  at  rest.  If  he  walks,  when  that  is  possi- 
ble, he  does  so  with  difficulty,  waddling  like  a  web-footed  bird;  he 
has  a  duck's  gait.  Some  children  have  only  certain  extremities,  some- 
times but  one,  deformed;  these  are  said  to  suffer  from  partial  rickets. 

We  may  distinguish  several  forms  and  degrees  of  rachitis.  The 
disease  may  be  slight,  only  suggested  as  it  were,  declaring  itself 
merely  by  a  delay  in  learning  to  walk,  in  the  eruption  of  the  teeth, 
in  the  closure  of  the  fontanelles,  and  by  a  certain  softness  and  flac- 
cidity  of  the  muscles;  but  there  are  no  bony  deformities  and  the 
patient  may  recover  without  any  curvatures  or  epiphyseal  swellings. 

Alongside  of  these  mild  cases,  which  are  very  frequent  and  readily 
curable,  we  find  cases  of  moderate  severity  with  noticeable  but  remedi- 
able deformities.  Then  come  severe  forms  belonging  to  surgical 
rachitis.  In  these  the  skeleton  is  markedly  deformed,  there  is  a  not- 
able loss  of  power,  and  the  general  condition  is  bad.  Hygienic  and 
medical  treatment  will  not  suffice  for  these  cases,  we  must  have  re- 
course to  surgical  and  orthopedic  measures. 

In  all  these  forms,  alongside  of  the  objective  lesions  of  the  bones, 
we  find  more  or  less  marked  visceral  symptoms.  The  general  nu- 
trition is  perverted,  but  not  always  in  the  same  sense ;  for  we  see  not 
only  thin,  pale,  and  cachectic  children  with  rachitis,  but  we  also  see 
those  who  are  large,  florid,  and  in  good  flesh.  In  all  these  cases,  how- 
ever, the  performance  of  the  digestive  functions  leaves  much  to  be 
desired;  the  appetite  may  be  diminished,  increased,  or  irregular; 
there  may  be  diarrhoea  or  constipation  or  alternations  of  the  two; 
sometimes  there  is  vomiting— in  a  word,  we  have  the  symptoms  of 
dyspepsia.  There  is  marked  loss  of  power;  the  child  lies  heavily  in 
the  arms  of  its  nurse,  it  cannot  sustain  the  weight  of  its  head  or  of  its 
body ;  if  it  is  able  to  walk  it  frequently  stops,  refusing  to  go  further, 
and  sinks  down  on  to  the  floor.  It  becomes  cross,  bad;tempered,  its 
whole  character  changes ;  sleep  is  disturbed ;  the  face  is  covered  with 
sweat.  There  seems  to  be  a  little  fever  with  evening  exacerbations, 
and  the  pulse  is  accelerated. 

The  intelligence  may  or  may  not  undergo  change.  It  has  been 
said  that  rachitic  children  are  more  intelligent  than  others,  but  it  is 
impossible  that  rachitis  should  influence  favorably  the  development  of 
the  brain.  Although  the  disease  usually  spares  the  intellectual  facul- 
ties, it  may  in  some  cases  retard  speech,  benumb  the  thought,  and 
induce  a  condition  approaching  idiocy. 

The  course  of  the  disease  is  slow  and  progressive,  its  development 
taking   months  and  years.     Sometimes   rachitis  appears  to  be  ar- 
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rested  in  its  evolution  and  even  to  recede ;  but  let  an  acute  affection 
intervene  or  an  accident  or  some  other  hygienic  or  morbid  condition, 
depressing  the  patient's  strength,  and  the  ground  gained  will  be  lost 
again.  We  must,  therefore,  preserve  these  little  patients  against  the 
causes  of  aggravation  or  of  recurrence. 

Alongside  of  the  ordinary  chronic  forms  an  acute  variety  of  rachi- 
tis has  been  described,  astonishing  in  the  suddenness  of  its  onset  and 
in  tlie  rapidity  of  its  progress.  We  may  see  children  fall  in  the  course 
of  a  few  days  or  weeks  into  a  disquieting  condition  of  marasmus  and  of 
cachexia ;  they  crj'  when  they  are  taken  up,  they  can  neither  stand 
alone  nor  move  their  extremities,  api)earing  as  if  paralyzed;  in  exam- 
ining them  closely  we  notice  a  swelling  of  certain  eijiphyses,  an  iutra- 
periosteal  exudation,  articular  pains,  fever,  depression,  anaemia;  the 
gums,  when  the  child  has  any  teeth,  are  fungous  and  bleeding,  the  eye- 
lids are  swollen  and  ecchymotic,  and  the  eyeballs  are  sometimes  pro- 
jecting. In  the  presence  of  such  a  sombre  collection  of  symptoms  the 
physician  naturally  thinks  of  an  infectious  disease,  of  an  osteomye- 
litis, rheumatism,  or  septicsemia.  This  is  what  has  been  described 
under  the  name  of  acute  rachitis.  The  condition  may  indeed  coincide 
with  rachitis,  but  it  is  an  independent  affection  that  has  been  de- 
scribed as  infantile  scorbutus  by  Barlow,  Northrup,  and  others. 

Prognosis. 

The  prognosis  of  rachitis  depends  upon  the  form  and  the  severity 
of  the  disease.  Mild  forms  are  cured  rather  promptly  without  com- 
plications and  without  difficulty,  provided  that  the  significance  of 
their  symptoms  be  understood  and  that  their  causes  be  recognized, 
and  consequently  be  removed  by  change  in  diet  and  in  general  hygiene. 
The  moderately  severe  forms  are  also  curable,  but  less  rapidly;  a 
period  of  three,  four,  or  six  months  is  necessary  to  affect  a  cure  of 
moderately  severe  rickets.  When  the  disease  is  partial,  when  the  de- 
formity is  restricted  to  one  member  (genu  valgum),  to  the  head  (cranio-' 
tabes),  or  to  the  trunk  (scoliosis  or  kyphosis),  the  termination  is 
hardly  more  rapid  than  in  the  generalized  forms.  The  intensity  and 
the  depth  of  the  lesions  are  more  important  than  their  extent  or  their 
dissemination.  The  more  the  process  of  ossification  is  disturbed  the 
slower  is  the  cure.  Often  even  partial  rachitis  does  not  yield  to 
medical  treatment  alone  and  the  assistance  of  the  surgeon  must  be 
obtained. 

The  severe  forms  with  excessive  deformities  yield  very  slowly  to 
treament,  too  often,  indeed,  incompletely,  leaving  curvatures  which 
cannot  be  overcome  without  the  intervention  of  the  surgeon. 
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But  rachitis  is  not  a  fatal  disease,  it  does  not  directly  compromise 
existence.  Kelatively  good,  therefore,  quoad  vitam,  the  prognosis  is 
bad  as  regards  the  duration  of  certain  visceral  manifestations  of  the 
dyspepsia,  which,  having  preceded  the  bony  lesions,  survives  them. 
This  rachitic  dj'spepsia  is  the  more  marked  and  persistent  in  propor- 
tion as  the  rachitis  itself  is  more  pronounced.  In  mild  cases  the  gas- 
tric symptoms  are  slight. 

In  the  female  sex  the  prognosis  is  more  grave  because  of  the  de- 
formity of  the  pelvis,  a  much-feared  cause  of  dystocia,  which  may 
necessitate  symphyseotomy,  cephalotripsy,  Csesarean  section,  or  other 
obstetrical  operations  more  or  less  dangerous  for  both  mother  and 
child.  I  have  seen  an  unfortunate  woman  with  narrowed  pelvis  as 
the  result  of  rickets,  seven  of  whose  eight  successive  pregnancies  re- 
sulted in  stillbirth  by  reason  of  vicious  presentation,  length  of  labor, 
and  tractions  made  upon  the  child.  One  child  was  born  apparently 
dead  like  the  others,  but  was  resuscitated  after  an  hour's  insufflation. 
This  eighth  child  was  indeed  snatched  from  death,  but  his  arms  were 
so  stretched  during  birth  that  he  has  a  permanent  double  paralysis  of 
the  brachial  plexiis,  and  is  necessarily  an  invalid  for  life. 

Complications. 

The  complications  of  rachitis  are  numerous  and  various ;  they  be- 
long, however,  only  to  the  severe  and  well-marked  cases  of  the  dis- 
ease, and  mild  cases  seldom  present  any  complications.  We  shall 
study  successively  the  complications  on  the  side  of  the  bones  and  of 
the  locomotor  apparatus  in  general,  of  the  digestive  apparatus,  of  the 
respiratory  organs,  of  the  circulatory  system,  of  the  nerves,  and  of 
the  skin,  not  neglecting  more  extensive  dyscrasias,  such  as  anaemia, 
leucocythsemia,  scurvy,  scrofula,  and  obesity,  and  the  infectious  dis- 
eases, such  as  whooping-cough,  influenza,  pneumonia,  etc.,  which  are 
aggravated  by  a  preexistent  rachitis. 

Locomotor  Apparatus. — The  fragility  of  the  bones  exposes  rachitic 
subjects  to  fractures,  complete  or  incomplete,  single  or  multiple,  of 
the  extremities,  and  sometimes  of  the  clavicles.  These  fractures  are 
spontaneous,  muscular  action  alone  sufficing  to  produce  them,  or  else 
are  provoked  by  insignificant  injuries  which  would  have  no  effect 
upon  healthy  bones.  For  this  reason  it  is  advisable  not  to  let  patients 
who  are  profoundly  affected  with  rachitis  try  to  walk.  Some  chil- 
dren present  at  the  time  of  birth  multiple  fractures  which  are  attrib- 
uted to  foetal  rachitis.  Sometimes  consolidation  occurs  rapidly  even 
with  an  excessive  amount  of  callus ;  sometimes  it  does  not  occur  at 
all  and  a  pseudarthrosis  results.     The  insidious  occurrence  of  these 
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fractures  often  leads  to  their  non-recognition,  so  that  they  are  not  re- 
duced and  are  then  active  causes  of  angular  deviation.  They  are  often 
subperiosteal,  not  accompanied  by  any  abnormal  mobility  and  con- 
sequently not  attracting  any  attention. 

The  wrist  and  ankle  joints  are  often  deformed,  their  ligaments  are 
relaxed  and  elongated,  the  result  of  which  is  an  abnormal  mobility 
which  interferes  with  the  articular  functions  and  yjredisposes  to 
arthropathy.  Sometimes  there  is  a  cracking  sound  heard  on  motion 
in  the  elbow  joints,  the  wrists,  etc.  In  one  child  whom  I  have  seen 
the  elbow  could  not  be  extended,  it  was  ankylosed ;  in  another  the 
bones  were  sensitive,  suggesting  a  comparison  with  growing  pains. 

Bony  torticollis,  late  genu  valgum,  and  painful  flatfoot  may  often 
be  regarded  as  complications  of  rickets.  Some  patients  present  mus- 
cular atrophy  and  a  loss  of  power  in  consequence  of  the  prolonged 
immobility  to  which  they  have  been  subjected.  I  may  finally  mention, 
among  the  rare  complications,  exostoses  of  the  tibiae  which  I  have  ob- 
served in  a  little  girl  of  twenty-seven  months.  This  child,  in  addition 
to  various  rachitic  deformities,  notably  a  left  genu  valgum,  presented 
on  each  side  of  the  superior  tibial  epiphysis  prominent  angular  sym- 
metrical  exostoses,  similar  to  the  exostoses  of  growth. 

Digestive  Apparatus. — These  complications  are  very  frequent. 
The  sometimes  enormous  enlargement  of  the  abdomen  of  rachitic  chil- 
dren is  well  known.  This  big  belly  is  usual  at  the  beginning  of  the  dis- 
ease ;  it  is  due  neither  to  deformity  of  the  thorax  nor  to  a  pushing 
down  of  the  diaphragm,  nor,  again,  to  enlargement  of  the  mesenteric 
glands  or  of  the  liver.  It  results  most  commonly  from  dilatation  of  the 
stomach.  Kachitic  children,  indeed,  are  polyphagic  and  polydipsic, 
their  appetite  is  insatiable,  and  they  constantly  overload  the  stomach. 
Later  the  appetite  diminishes  or  disappears,  but  the  thirst  persists 
and  the  excessive  cousumx:)tion  of  liquids  maintains  and  even  increases 
the  dilatation  of  the  stomach.  This  gastric  ectasia,  to  which  I  have 
called  special  attention  {Archives  de  Medecine,  1884),  is  very  common 
if  not  constant  in  rachitic  children.  It  plays  a  role  in  the  production 
of  Glisson's  disease;  it  survives  the  osseous  deformities  which  it  has 
frequently  preceded  and  which  it  accompanies,  and  it  carries  with  it 
a  long-continued  or  permanent  dyspepsia. 

The  intestine  also  is  dilated  throughout  its  whole  extent,  from 
which  result  a  relaxation  of  the  abdomen  and  eventration,  a  ten- 
dency to  umbilical  and  inguinal  hernia  and  to  prolapse  of  the  rectum, 
the  frequency  of  which  I  have  noted  in  rachitic  conditions.  The 
complications  are  chronic  and  long  continued,  and  the  bony  lesions 
are  cured  sooner  than  those  of  the  digestive  tube,  the  dyspepsia  being 
found  at  all  periods — in  childhood,  in  adult  life,  and  even  in  old  age. 
Vol..   YIL— 35 
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Upon  this  dyspepsia,  whicli  is  sometimes  latent  and  endurable,  are 
engrafted  acute  attacks,  more  or  less  severe  enteritis,  indigestion, 
vomiting,  lienteric  or  infectious  diarrhoea,  complications  which  are 
to  be  dreaded  especially  in  summer  and  which  may  take  the  life  of 
the  little  patient.  The  adnexa  of  the  digestive  tube,  especially  the 
liver,  suffer  in  consequence  of  the  gastro-intestinal  lesion.  Hyper- 
trophy of  the  liver  is  frequent,  catarrhal  jaundice  is  not  rare,  and 
amyloid  degeneration  of  this  viscus  is  possible.  Finally,  in  severe 
cases  accompanied  by  cachexia  there  may  be  ascites. 

Respiratory  Apparatus. — The  complications  on  the  side  of  the  re- 
spirator^^  organs  are  produced  in  two  ways:  1.  Sometimes  they  are 
the  result  of  compression  exercised  upon  the  lungs  by  the  falling-in 
of  the  ribs ;  the  thoracic  cage  is  narrowed,  and  as  a  result  there  is 
emphysema  in  certain  parts  of  the  lungs  and  congestion  in  other 
parts,  with  a  constant  tendency  to  bronchial  catarrh,  etc.  2.  Some- 
times they  are  subordinate  to  the  digestive  troubles  and  arise  from 
auto-intoxication.  It  is  thus  that  we  are  to  explain  the  chronic  or  re- 
current attacks  of  sibilant  bronchitis  in  these  big-bellied  children, 
and  the  attacks  of  dyspex^tic  asthma  observed  in  them.  These  two 
influences  combined — viz.,  thoracic  deformity  and  gastro-intestinal 
auto-intoxication — render  attacks  of  bronchitis  and  bronchopneumonia 
frequent  and  of  grave  import  in  rachitic  individuals.  They  also  pre- 
dispose to  tuberculosis  through  impairment  of  the  functional  action 
of  the  lungs  and  oxygenation  of  the  blood.  We  very  often  see  in 
children's  hospitals  rachitic  patients  attacked  by  grave  pulmonary 
troubles  with  rapidly  fatal  issue  to  which  health}'  patients  would  be 
much  less  exposed. 

Circulatory  A]}paratus. — The  complications  affecting  the  organs  of 
circulation  are  of  a  mechanical  nature  and  are  observed  only  in  cases 
of  excessive  deformity  of  the  chest.  The  heart,  crowded  to  one  side, 
compressed  and  impeded  in  its  movement,  contracts  rapidly  and  ir- 
regularly, and  we  see  palpitation,  tachycardia,  and  arhythmia; 
sometimes  there  is  hypertrophy  of  the  organ.  We  may  find  at  au- 
topsy milk  spots  on  its  pericardial  investment,  the  evidences  of  com- 
pression exercised  by  the  deformed  bones.  But  these  affections  are 
rare. 

Nervous  System. — Much  more  common  than  the  preceding  are 
complicating  affections  of  the  nervous  system.  In  the  first  rank  of 
these  figure  general  or  partial,  external  or  internal  convulsions. 
General  convulsions  (infantile  eclampsia)  are  not  rare,  a  fact  which 
need  not  astonish  those  who  know  the  role  played  by  digestion  in 
these  accidents.  Whether  reflex  or  toxic  these  convulsions  have  very 
frequently  their  point  of  departure  in  the  digestive  tube.     All  au- 
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thors  have  insisted  upon  the  frequency  of  convulsions  in  rachitis, 
especially  when  the  disease  is  well  marked.  It  has  been  held  that 
the  convulsions  were  associated  with  rickets  of  the  skull,  craniomalacia 
or  crauiotubes  of  Elsiisser,  but  this  is  not  so,  for  we  may  see  convul- 
sions indifferently  in  children  who  have  cranial  lesions  and  in  those 
who  have  none.  We  have  to  admit  a  general  nervous  hyperexcita- 
bility  in  rachitics  which  would  explain  the  occurrence  of  convulsions, 
or  else  an  auto-intoxication,  originating  in  the  digestive  tube,  which 
provokes  the  attacks. 

As  to  internal  convulsions,  glottic  spasm,  laryngismus  stridulus, 
which  some  writers  have  believed  to  be  especially  under  the  domin- 
ion of  craniotabes,  I  believe  that  they  are  in  no  wise  dependent  upon 
it,  but  that  their  pathogenesis  is  the  same  as  that  of  eclampsia. 

Tetany  itself,  which  is  so  rare  in  its  complete  manifestations,  is  a 
neurosis  of  a  toxic  nature  which  we  must  also  refer  to  the  common 
digestive  troubles  of  rachitic  children. 

An  improvement  in  the  nutrition,  treatment  of  the  intestinal  and 
stomach  troubles,  and  the  neutralizing  of  the  poisons  formed  in  these 
organs  are  the  means  for  the  x^reventiou  or  cure  of  all  these  nervous 
manifestations,  of  which  the  frequency  has  been  exaggerated  and  the 
pathogenesis  unrecognized  in  rachitis.  Craniotabes  is  so  little  the 
direct  cause  of  convulsions  that  we  often  see  the  latter  present  when 
this  condition  is  absent,  and  vice  versa;  there  is,  therefore,  no  patho- 
genic relation  whatsoever  between  these  two  conditions. 

Rachitic  children  frequently  suffer  from  night  terrors;  they 
awake  from  slumber  with  a  start,  crying  out  and  not  recognizing 
those  about  them.  These,  like  the  other  nervous  complications,  are 
dependent  uj^on  the  digestive  troubles;  we  know  indeed  that  a  simple 
indigestion  may  provoke  them  in  nervous  children.  They  max  be 
prevented  by  appropriate  regimen. 

"We  are  sometimes  struck  by  the  weakness  of  the  nervous  system, 
which,  even  v;hen  the  limbs  are  fairly  straight  and  the  muscles  pow- 
erful, results  in  a  loss  of  power  closely  approaching  paralysis.  There 
is  a  sort  of  rachitic  pseudoparalysis  which  calls  for  electrical  treat- 
ment for  its  relief. 

On  the  side  of  the  brain  we  ought  to  mention  the  possibility  of 
hydrocephalus  which  sometimes  complicates  rachitis,  mingling  its 
symptoms  with  those  of  the  craniomalacia.  The  resemblance  be- 
tween hydrocephalics  and  rachitics  is  sometimes  very  striking;  there 
are  the  same  large  head,  open  fontanelles,  united  sutures,  etc. 

Finally,  as  to  the  intellectual  qualities :  Although  many  rachitic 
children  are  intelligent,  observant,  and  alert,  some  are  apathetic, 
inert,  and  imbecile,  or  even  idiotic;  they   speak   slowly  and  with 
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difficulty,  and  their  intellectual  faculties  do  not  expand.  All  func- 
tions of  relation  are  retarded  in  tliem — walking,  speech,  the  special 
senses  of  hearing  and  of  sight,  etc.     They  are  laggards. 

Cutaneous  System. — The  skin  of  rachitic  children  is  generally 
healthy,  white,  and  of  normal  color  and  consistence.  However,  it  is 
not  rare  to  see,  either  before  the  occurrence  of  deformities  or  during 
or  after  this  stage,  various  eruptions,  usually  papular  and  pruriginous. 
Thus  we  see  acute,  subacute,  recurring,  or  chronic  urticaria,  which 
bears  witness  to  defective  functional  action  of  the  digestive  apparatus. 
Then  we  have  pruriginous  strophulus,  very  common  in  badly  nour- 
ished babies,* characterized  by  an  eruption  of  discrete  papules,  some- 
times surmounted  by  vesicles.  Then,  again,  there  may  be  prurigo, 
the  little  rounded  acuminate  papules  of  which  are  frequently  torn 
through  scratching  and  converted  into  little  crusts  of  dried  blood. 
All  these  eruptions,  ordinarily  temporary  only,  may  last  indefinitely 
in  some  cases  and  pass  into  a  chronic  prurigo,  the  prurigo  of  Hebra, 
an  almost  incurable  affection,  the  origin  of  which  goes  back  fre- 
quently to  the  early  years  of  life. 

Bachitic  children  are  also  exposed,  as  a  consequence  of  their  defec- 
tive alimentary  hygiene  and  habitual  dyspepsia,  to  moist  eruptions, 
to  eczema  of  the  face  or  of  the  genitals,  to  impetigo,  or  to  ecthyma, 
which  may  leave  cicatrices  on  the  buttocks  and  sacral  region  that  must 
not  be  confounded  with  lesions  of  hereditary  syphilis. 

All  those  children  whose  skin  is  irritated  by  scratching  will  have 
more  or  less  enlarged  glands,  the  adenitis  sometimes  resulting  in  sup- 
puration. 

Still  other  cutaneous  complications  may  be  observed.  In  one  case, 
that  of  a  little  girl  of  seven  years  who  was  profoundly  rachitic,  having 
a  height  of  only  80  cm.  (two  feet  ten  inches),  I  once  saw  a  remark- 
able cyanosis  of  the  feet — ^local  asjjhyxia  of  the  extremities. 

The  Blood. — Simple  anaemia  is  not  rare  in  rachitic  children  who 
have  suffered  much  and  who  have  lived  under  unfavorable  hygienic 
conditions.  Auscultation  will  reveal  in  such  children  a  systolic  mur- 
mur at  the  base  with  propagation  into  the  vessels  of  the  neck.  It  is 
also  in  these  anaemic  rachitics  that  we  sometimes  hear  a  systolic 
murmur,  analogous  to  the  carotid  souffle,  in  auscultating  the  anterior 
fontanelle  (H.  Roger).  These  children  are  pale,  weak,  flabby,  breath- 
less on  the  slightest  effort ;  some  are  thin,  others  in  good  flesh ;  all 
have  deformed  and  softened  bones  incapable  of  supporting  the  weight 
of  the  body.  The  anaemia  of  rickets  may  be  complicated  with  hyper- 
trophy of  the  spleen.  Acute  splenic  anaemia  has  been  well  studied 
by  Carr,  Colcott  Fox,  Luzet,  and  others.  The  red  corpuscles  are 
less  numerous  than  in  health,  the  white  are  more  abundant,  and  nu- 
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cleated  red  corpuscles  are  present  in  the  blood.  Arsenic,  cod-liver 
oil,  and  iodide  of  iron  may  be  given  in  these  cases. 

I  have  already  spoken  of  scorbutus,  another  blood  disease,  which 
may  complicate  rachitis  and  which  will  disappear  upon  the  institu- 
tion of  proper  hygienic  treatment. 

Infevlions  Diseases. — When  an  infectious  disease,  such  as  measles, 
diphtheria,  scarlet  fever,  whooping-cough,  typhoid  fever,  influenza, 
or  tuberculosis,  attacks  a  rachitic  patient  it  is  of  much  greater  gravity 
than  when  affecting  a  healthy  child. 

Whooi)iug-cough,  by  reason  of  the  violence  of  its  spasmodic  at- 
tacks, threatens  the  life  of  the  rachitic  child  with  deformed  thorax, 
disposing  to  asystole.  Of  itself  rickets  is  a  curable  affection,  but 
when  comi:>licated  by  a  general  infectious  disease  it  is  often  fatal,  the 
termination  of  such  diseases  depending  in  very  great  measure  upon 
the  soil  in  which  they  are  engrafted;  rachitis  offers  a  soil  favorable 
to  the  growth  of  pathogenic  organisms. 

Tuberculosis  carries  off'  a  certain  number  of  children  suffering 
with  rachitis.  It  may  be  met  with  among  them  in  any  of  its  usual 
localizations  (lungs,  ganglia,  bones,  articulations,  meninges,  skin, 
etc. ) .  Hereditary  syphilis  is  another  aggravating  cause  which  weighs 
heavily  upon  rachitic  children.  Scrofula  is  less  serious,  and  we 
often  see  rachitics  suffering  with  otorrhcea,  blepharo-conjunctivitis, 
keratitis,  or  ozaena  who  recover  perfectly. 

Diagnosis. 

When  rickets  presents  its  usual  bony  deformities,  curves,  and 
epiphyseal  swellings,  it  is  very  easy  of  recognition,  the  diagnosis  being 
seK-evident ;  but  attention  is  often  required  to  unmask  the  attenuated 
forms,  the  initial  stages,  and  the  partial  forms,  limited  to  one  mem- 
ber or  one  bone. 

A  child,  previously  in  good  health,  develops  weakness,  malaise, 
and  pallor ;  it  is  less  lively  than  usual,  sinks  down  in  the  arms  of  its 
nurse,  and  refuses  to  stand;  it  is  tired,  inert,  without  rebound,  and 
without  energy.  If  with  these  symptoms  we  note  that  its  alimenta- 
tion leaves  much  to  be  desired,  that  the  eruption  of  its  teeth  is  de- 
layed, and  that  the  anterior  fontanelle  does  not  close,  we  have  to  fear 
the  onset  of  rachitis.  In  every  poorly  nourished. child,  either  bottle- 
fed  or  prematurely  weaned,  rachitis  is  imminent  and  we  ought  to  be  on 
the  watch  to  seize  the  first  premonitory  signs  of  the  trouble.  These 
signs,  it  is  true,  may  be  fleeting  and  the  disease  may  become  arrested 
in  its  progress,  recede,  and  disappear ;  but  an  attentive  and  intelligent 
observer  will  not  be  deceived.     We  must  then  be  able  to  recognize 
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the  sliglit  forms  of  rachitis  in  order  to  attack  tliem  early  and  save  tlie 
child  from  the  severe  troubles  which  would  not  fail  to  arise  if  the 
malady  remained  unrecognized.  The  disease  progresses  but  slowly, 
and  we  have  time  to  fight  against  the  general  invasion  of  the  system. 

When  rachitis  is  partial,  limited  to  one  member  or  one  bone,  the 
diagnosis  may  present  real  difficulties.  Given  a  deformity  of  the 
vertebral  column,  a  gibbositj^  of  short  radius,  with  weakness  of  the 
lower  extremities,  which  are,  however,  straight,  the  rest  of  the  skele- 
ton also  appearing  to  be  normal — are  we  in  presence  of  a  rachitic 
kyphosis,  or  of  Pott's  disease?  If  the  kyphosis  is  frankly  angular 
Pott's  disease  is  evident,  the  projection  of  a  vertebra  backwards  bear- 
ing witness  to  the  destruction  of  the  vertebral  bodies.  The  rachitic 
gibbosity  has  a  long  radius,  it  is  rounded  and  not  angular.  But 
there  are  cases  in  which  doubt  is  admissible  and  in  which  we  must 
examine  the  spinal  column  with  the  greatest  care,  study  its  degree  of 
mobility,  palpate  and  percuss  the  spinal  processes  and  the  lateral  de- 
pressions, and  investigate  the  sensibility  and  motility  of  the  lower 
extremities.  In  cases  of  doubt  the  diagnosis  should  be  reserved  until 
another  examination  can  be  made  at  a  later  period. 

The  lateral  deviation  of  the  spinal  column,  scoliosis,  can  scarcely 
be  confounded  with  Pott's  disease.  I  have  seen  a  girl  of  fourteen 
years  with  a  right  lateral  curvature  of  such  an  extent  that  the  thorax 
was  dreadfully  deformed  and  respiration  and  also  locomotion  were 
interfered  with.  This  child  had  had  whooping-cough  at  eighteen 
months  and  typhoid  fever  at  seven  years;  she  had  been  rachitic. 
May  the  lateral  curvature  of  adolescence  be  due  \o  a  partial  rachitis 
of  late  origin?  There  is  a  tendency  to-day  to  reply  in  the  affirma- 
tive, since  we  know  that  rachitis  disturbs  profoundly  and  for  a  long 
period  the  process  of  ossification  and  that  cartilaginous  islets  may 
persist  in  the  substance  of  apparently  perfectly  healthy  bones.  The 
same  may  be  said  of  unilateral  or  bilateral  knock-knee  which  in  early 
childhood  is  distinctly  rachitic,  but  which  in  later  life  might  have 
another  origin.  However,  the  downward  projection  of  the  internal 
condyle  of  the  femur,  which  characterizes  genu  valgum,  seems  always 
to  depend  upon  rickets. 

The  deformities  of  the  spinal  column  (kyphosis),  of  the  ribs,  and 
of  the  extremities,  which  make  their  first  appearance  in  adult  life  be- 
long rather  to  osteomalacia  than  to  rachitis — two  affections  Avhich  are 
distinguished  especially  by  the  age  of  the  patient,  having  in  other  re- 
spects many  resemblances  one  to  the  other. 

Congenital  dislocation  of  the  hip  may  be  mistaken  for  rickets,  the 
children  affected  with  it  walking  with  the  knees  turned  in  (knock- , 
kneed).     But  it  will  suffice  to  search  for  the  head  of  the  femur  in 
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order  to  determine  that  it  does  not  occupy  its  ordinary  position,  but 
is  in  the  external  iliac  fossa  above  the  cotyloid  cavity,  and  thus 
establish  tlie  diagnosis.  We  must  not  forget,  however,  that  i-achitis 
may  coexist  with  congenital  dislocation  of  the  hip,  as  also  with  Pott's 
disease,  and  we  must  be  able  to  distinguish  the  symptoms  belonging 
to  each.  I  have  seen  a  little  girl,  seven  and  a  half  years  old,  who 
was  bottle-fed  and  did  not  walk  until  she  was  eighteen  months  old, 
who  sufiered  at  the  same  time  from  rachitis  and  from  double  dislo- 
cation of  the  hip.  The  abdomen  was  enormous,  the  forward  curve 
in  the  lumbar  region  was  excessive,  and  walking  was  very  difficult. 

When  a  child  does  not  begiq  to  walk  until  late  or  walks  badly  we 
think  immediately',  and  usually  with  reason,  of  rachitis.  However, 
walking  may  be  retarded  or  prevented  by  other  causes,  bj-  atrophic 
infantile  paralysis,  which  may  be  recognized  by  its  characteristic 
course,  by  its  localization  in  certain  groups  of  muscles,  and  by  the  ac- 
companying atrophy  of  these  muscles.  Walking  may  also  be  retarded 
or  prevented  hj  syi)hilitic  pseudoparalysis  or  by  obstetrical  paralysis. 

When  rickets  is  limited  to  the  lower  extremities,  to  the  tibise  or 
to  a  single  tibia,  we  must  distinguish  it  from  hereditary  syphilis  of 
the  bones,  the  characteristics  of  which  have  been  well  described  in 
France  by  Fournier,  Lannelougue,  and  others.  The  syi)hilitic  tibia, 
called  also  the  Lannelongue  tibia,  is  a  bone  which  appears  to  be 
curved,  but  which  is  simply  swollen,  nodulated,  of  uneven  surface, 
deformed  by  gummatous  deposits,  osteophytic  layers,  etc.  The  ra- 
chitic tibia,  on  the  contrary,  is  convex  anteriorh-,  concave  posteriorly, 
flattened  laterally,  and  actually  curved ;  it  has  the  shape  of  a  cavalry 
sabre.  In  addition  to  these  objective  symptoms,  which  are  sufficient 
for  a  diagnosis,  we  may  haA'e  stigmata  on  the  part  of  the  eyes,  of  the 
ears,  and  of  the  teeth  (Hutchinson's  triad),  and  also  of  the  integu- 
ments, which  will  betray  hereditary  syphilis. 

When  rachitis  is  limited  to  the  head  we  may  think  of  hydro- 
cephalus, a  congenital  disease  characterized  by  an  extraordinary  de- 
velopment of  the  cranium,  hj  a  widening  of  the  sutures  and  of  the 
fontanelles,  by  idiocy,  etc.  In  hydrocephalus  the  cephalic  souffle  is 
rarely  perceived  on  auscultation  of  the  anterior  fontanelle,  the  ex- 
tremities are  not  deformed,  and  the  face  contrasts  by  its  smallness 
with  the  monstrous  enlargement  of  the  cranium.  Eickets,  may,  how- 
ever, be  complicated  with  a  certain  degree  of  hydrocephalus,  which 
may  be  recognized  by  the  large  size  of  the  skull,  the  widening  of  the 
fontanelles,  and  occasionally  by  the  presence  of  craniotabes. 

Cranial  rachitis  appears  to  be  more  precocious  than  that  of  the 
extremities.  It  is  without  doubt  the  first  in  time  of  appearance, 
and  many  physicians  do  not  wait  for  the  appearance  of  curvatures 
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of  tlie  bones  and  swelling  of  tlie  epiphyses  in  order  to  establish 
the  diagnosis.  It  is  sufficient  for  them  to  recognize  the  abnormal 
widening  of  the  fontanelles  or  an  unusual  softening  of  the  occipital 
bone  or  its  neighbors  to  pronounce  the  disease  rachitis.  Without 
doubt  craniotabes  mar  be  due  to  rickets,  but  we  must  remember  that 
it  is  frequently  met  with  in  childi'en  who  are  apparently  healthy  and 
who  are  not  destined  to  present  any  other  rachitic  lesions. 

Etiology  and  Pathogenesis. 

Rachitis,  a  disease  of  misery,  is,  especially  frequent  in  cities,  in 
the  large  industrial  centres,  and  in  quarters  inhabited  by  a  dense 
population,  poor  and  badly  nourished,  among  whom  the  children  are 
destined  to  an  unhealthy  or  insufficient  alimentation,  to  artificial 
feeding,  and  to  early  weaning,  the  mothers  being  obliged  too  often  to 
leave  their  homes  to  go  to  the  shops  and  the  factories  to  gain  a 
meagre  pittance  for  the  family.  According  to  Pini,  of  Milan,  the 
families  of  the  concierges,  living  in  narrow  and  dark  apartments  and 
on  insufficient  wages,  furnish  the  greatest  propoi-tion  of  rachitics  (964 
out  of  4,176).  In  America  the  colonies  of  Italians,  of  Irish,  and  of 
Germans  present  numerous  cases  of  rickets,  because  their  members 
are  poor  and  badly  lodged.  The  negro  race  is  not  exempt  in  Amer- 
ican cities.  We  have  here  to  do  with  a  matter  not  of  race  but  of 
hygiene,  and  especially  of  alimentary  hygiene. 

If -the  mother-  is  able  to  nurse  her  infant  and  give  to  it  all  the 
care  which  its  age  demands  it  will  not  become  rachitic;  but  separ- 
ate these  two  beings  who  are  made  to  be  closely  united,  give  the  child 
to  mercenaries  living  at  a  distance  and  secure  from  surveillance,  re- 
place the  breast  by  the  bottle,  and  you  \\-ill  almost  surely  provoke 
rickets.  Where  the  bottle  is  unknown,  where  infant  feeding  is  always 
from  the  breast,  there  rachitis  is  absent.  It  is  frequent  under  the 
opposite  conditions. 

Next  after  artificial  feeding  comes  suckling  by  a  poor  nurse,  one 
whose  milk  is  too  old,  indigestible,  or  which  contains  too  large  a 
proportion  of  casein ;  then  irregular  times  of  nursing,  and  finally  a 
delay  in  weaning  and  in  the  admission  of  solid  food  to  the  infant's 
diet  at  a  suitable  period.  AMien  a  woman  nurses  twins  she  can  very 
rarely  do  so  with  justice  to  both  children,  and  the  infants  are  apt  to 
suffer  from  rachitis. 

But  indigestion  and  over-feeding  are  more  often  at  fault  than  are 
a  diminished  supply  of  food  and  inanition.  Mothers  sin  more  often 
by  excess  than  by  deprivation,  and  they  are  only  too  apt  to  gorge 
their  infants  with  food  unsuited  to  their  age. 
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Much  has  been  said  of  heredity  in  rickets,  and  the  number  of  ra- 
chitic children  in  the  same  family  and  the  occurrence  of  congenital 
rickets,  lend  plausibility  to  the  theory  of  heredity.  But  if  we  will 
investigate  the  hygienic  conditions  of  these  cases  of  apparently  in- 
herited rachitis  we  shall  find  in  many  instances  that  it  is  not  the  germ 
of  the  disease  that  is  inherited,  but  rather  the  unhygienic  habits  that 
are  transmitted  from  parent  to  child.  It  is  indeed  not  uncommon  to 
see  a  woman  who  has  been  rachitic  give  birth  to  children  entirely  free 
from  any  evidences  of  the  disease  and  who  will  surely  escape  it  if  they 
are  well  nourished.  We  may  say,  therefore,  that  there  is  no  direct 
inheritance  of  rachitis ;  but  it  may  readily  be  conceived  that  children 
who  are  the  issue  of  weak,  delicate  parents,  of  those  who  are  too  old 
or  ill  (tuberculous  or  syphilitic)  will  be  predisposed  to  rickets.  It 
is  therefore  in  this  restricted  sense  that  we  are  to  regard  rachitis  as 
hereditary.  Out  of  4,176  cases,  Pini  found  but  52  which  were 
apparently  hereditary;  in  86  instances  he  found  consanguinity 
in  the  parents,  but  other  causes  of  the  disease  coexisted.  The  argu- 
ment from  the  number  of  cases  in  one  house  is  no  more  in  favor  of  the 
hereditary  nature  of  rachitis  than  it  is  of  its  contagious  nature. 

Foetal  rickets,  with  its  deformities,  its  multiple  fractures,  its 
anomalies  of  ossification,  presents  a  number  of  unrelated  phenomena 
which  do  not  all  by  any  means  beloiig  to  true  rachitis.  One  is  not 
born  rachitic,  one  becomes  so.  The  fact  of  the  acquired  origin  of 
rickets  is  confirmed  experimentally;  domestic  animals  (pigs,  calves, 
pupj)ies)  become  rickety  when  their  alimentation  is  defective.  Wild 
animals  in  a  captive  state  (lions,  monkeys,  etc.)  are  also  exposed  to 
the  danger  of  rachitis  when  the  mother's  milk  is  replaced  by  a  too 
nitrogenous  alimentation.  Young  chickens  and  pheasants  may  also 
become  rachitic  when  improperly  fed. 

Dr.  Cheadle  believes  that  it  is  especially  the  giving  of  starchy 
foods  too  early  that  predisposes  to  rickets,  and  he  advises  the  use  of 
animal  fats  as  a  prophylactic  measure.  At  the  London  Zoological 
Gardens  the  young  bears  fed  on  biscuits  and  rice,  the  monkeys  fed  on 
vegetables,  and  the  young  lions  fed  on  meat  all  became  rachitic.  Sut- 
ton had  them  fed  with  pap  made  of  milk,  and  they  all  recovered  in 
three  months. 

It  is  said  that  girls  are  more  prone  to  become  rachitic  than  boys, 
but  a  study  of  statistics  of  over  two  thousand  cases  does  not  bear 
out  this  assertion. 

The  question  of  age  is  more  important.  If  we  except  the  rare 
conditions  of  congenital  rickets  and  of  the  rachitis  of  adolescence,  we 
may  say  that  rachitis  is  a  disease  of  the  first  two  years  of  life.  It 
begins  at  about  the  tenth  or  twelfth  month,  and  may  arise  as  late  as 
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eighteen  months  or  two  years,  but  it  almost  never  begins  after  the 
third  year  of  life.  It  is  a  disease,  as  regards  time  of  origin,  of  the 
first  dentition.  Out  of  1,662  patients  in  whom  the  age  was  noted, 
1,268  were  between  one  and  two  years  old.  Pini  found  2,974  children 
two  years  of  age  out  of  4,176  cases  examined,  and  it  will  thus  be 
seen  that  his  statistics  confirm  mine. 

Hereditary  syphilis,  which  Parrot  regarded  as  the  cause  of  rick- 
ets, appears  earlier  than  the  latter,  being  often  intrauterine.  Par- 
rot's arguments  for  this  causation  are  that  the  osteophytes  and  the 
spongy  osseous  tissue  are  common  to  hereditary  syphilis  and  to 
rachitis,  but  there  is  nothing  specific  in  these  lesions.  As  to  the  pre- 
tended stigmata,  the  cicatrices  of  the  buttocks,  the  lingual  desqua- 
mation, the  erosions  of  the  teeth,  and  the  natiform  cranium,  they  are 
met  with  as  well  in  non-syphilitic  as  in  syx)liilitic  children.  More 
than  this,  the  statistics  of  all  pediatric  physicians,  in  America  as  well 
as  in  Europe,  bear  witness  against  this  theory  of  Parrot's.  Syphilis 
is  at  least  as  common  among  the  rich  as  among  the  poor,  but  rickets 
is  a  disease  of  the  poor,  and  is  very  rarely  met  with  among  the  well- 
to-do  classes  of  the  community.  Syphilitic  parents  have  been  seen 
to  have  healthy  children,  and  the  children  of  parents  who  were  cer- 
tainly free  from  syphilitic  taint  have  been  rachitic.  In  many  cases, 
furthermore,  in  which  syphilis  in  the  parents  has  been  seen  to  coexist 
with  rachitis  in  the  children,  inquiry  has  shown  that  the  disease  of  the 
parents  was  acquired  subsequent  to  the  birth  of  the  children  and  the 
appearance  in  them  of  rickets.  No  doubt  rachitis  is  not  rare  in  he- 
reditary syphilitics,  as  it  is  in  all  children  who  are  weakened  by  any 
disease  whatever,  but  the  influence  of  the  syphilis  is  not  specific  or 
direct;  it  is  very  simple  and  of  dystrophic  nature. 

Let  us  see  how  the  most  ordinary  cause  of  rickets — namely,  vicious 
alimentation— acts.  The  cause  is  evident  but  the  pathogeny  is  ob- 
scure. 

Gamba  holds  that  there  is  phospho-calcareous  inanition ;  the  lime 
salts  are  deficient  either  in  consequence  of  insufficient  supply  or  be- 
cause of  defective  assimilation  (through  some  intercurrent  dyspepsia). 
We  have  seen  that  over-feeding  of  young  children  is  more  common 
than  a  deficient  supply  of  food.  Therefore  if  phosphate  of  lime  is 
ingested  in  sufiicient  quantity  we  must  blame  the  gastro-intestinal 
dyspepsia  as  impeding  its  perfect  utilization.  Pini  remarks  that 
diarrhoea  figures  among  the  prodromes  of  rachitis.  Others  regard 
constipation,  vomiting,  alternations  of  diarrhoea  and  constipation, 
borborygmi,  enlarged  abdomen,  etc.,  as  premonitory  symptoms. 

Cow's  milk,  which  serves  for  the  nourishment  of  most  children  de- 
prived of  the  breast,  is  rather  rich  in  lime  salts,  but  it  is  indigestible 
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and  almost  always  provokes  more  or  less  gastro-intestinal  disturbance 
in  babies.  There  is  an  abundant  non-utilizable  residue,  and  tlie  child, 
in  order  to  meet  his  wants,  is  obliged  to  ingest  an  enormous  quantity 
which  distends  the  stomach,  exhausts  the  intestine,  irritates  the  mu- 
cous membrane,  and  induces  chronic  dyspejjsia.  I  showed  in  1884 
(Archives  de  Medecinc)  that  dilatation  of  the  stomach  was  very  com- 
mon in  rachitic  children  and  that  this  dilatation  persisted  even  after 
the  subsidence  of  the  osseous  deformities  which  it  had  contributed  to 
produce  by  interfering  with  the  assimilation  of  lime  salts  or  by  favor- 
ing the  absorption  of  bone  bj^  the  acid  materials  which  it  threw  into 
the  circulation.  In  rachitis  resulting  from  dyspepsia  due  to  improper 
feeding  the  loss  of  lime  material  by  the  bones  is  greater  than  the  as- 
similation, and  the  disturbance  of  nutrition  finds  its  expression  in 
phosphaturia. 

We  do  not  know  yet  whether  this  decalcification  of  the  bones  is 
due  to  lactic  acid,  to  acetic  acid,  or  to  some  other  princii)le ;  but  it  is 
the  consequence  of  digestive  troubles,  as  was  shown  by  the  experi- 
ments of  J.  Guerin  upon  dogs  (1838),  of  Chossat  on  pigeons,  of  Koloff 
on  young  horses,  etc.  Baginsky  having  submitted  animals  to  cal- 
careous inanition  and  to  absorption  of  lactic  acid  rendered  them 
rachitic,  and  Heitzmaun  obtained  the  same  results ;  Hitter  also  believes 
in  the  presence  of  lactic  acid  and  in  its  solvent  action  upon  the  bones. 
Kassowitz  declares  that  phosphorus  which  in  small  dose  cures  the 
disease,  in  larger  doses  would  cause  it.  But  this  chemical  solvent 
action  of  acids  which  is  invoked  in  the  explanation  of  the  xjathogenesis 
of  the  disease,  although  it  might  explain  the  facts  of  decalcification 
and  of  softening  of  bone,  does  not  take  into  account  the  swelling  of 
the  epifjhyses.  May  not  the  latter  be  the  result  of  an  irritative  proc- 
ess, of  a  mild  parenchymatous  osteitis  (Virchow,  Kassowitz)? 

In  conclusion  we  will  enumerate  briefly  the  chief  pathogenic  theo- 
ries: 

1.  Parrot's  Theory:  Rachitis  is  always  of  syphilitic  origin,  and  is 
never  due  to  faulty  alimentation. 

2.  The  Nervous  Theory  of  Pomrner  and  Tedeschi:  Eachitis  is  a 
trophic  afi'ection  of  the  bones,  brought  about  through  the  influence  of 
the  central  ners'ous  system. 

.3.  Infectious  Theory:  Piachitis  is  a  contagious  disease  (Chaumier) ; 
it  is  of  microparasitic  origin  (Mircoli). 

4.  Alimentary  TJieory :  Eachitis  is  a  disease  of  nutrition  occa- 
sioned by  faulty  alimentary  hygiene  (Glisson,  J.  L.  Petit,  J.  Guerin, 
Trousseau,  Chossat,  Eoloff,  Gamba,  Fonssagrives,  Cheadle,  and 
others) . 

5.  Modified  Alimentary  Theory:  Rachitis  the  result  of  faulty  ali- 
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mentation  and  is  preceded  by  digestive  troubles,  clironic  dyspepsia, 
dilatation  of  the  stomach.,  or  enteritis,  which  profoundly  disturb  the 
process  of  assimilation  of  lime  salts  and  favor  the  decalcification  of 
the  bones  (Jacobi,  Heitzmann,  Bouchard,  Baginsky,  Comby,  and 
others).  '  , 

Prophylaxis. 

The  preventive  treatment  of  rachitis  borrows  all  its  measures  from 
hygiene.  If  we  could  insure  the  breast-feeding  of  all  young  children 
rickets  would  disappear,  or  at  least  would  become  very  exceptional. 
Unfortunately  its  principal  cause,  poverty,  escapes  the  physician's 
power  to  remedy.  It  is  impossible  to  prevent  women  without  means, 
workwomen  who  have  only  their  wages  to  live  upon,  from  taking  their 
children  from  the  breast  and  feeding  them  artificially. 

When  rickets  is  the  fruit  of  ignorance  we  can  accomplish  more. 
We  must  teach  the  mothers  and  all  those  who  have  the  care  of  chil- 
dren the  rules  for  feeding  babies,  the  comparative  infrequency  of 
nursing  (six  or  eight  times  in  the  twenty-four  hours),  late  weaning, 
supplementary  alimentation  towards  the  eighth  month,  choice  of 
foods,  etc.  When  a  child  is  fed  artificially,  or  when  the  breast  milk  is 
supplemented  by  other  food,  the  risks  are  greater  and  the  precautions 
ought  to  be  more  scrupulous.  The  nursing  bottle  should  have  no 
tube,  it  should  be  kept  scrupulously  clean,  the  milk  should  be  steril- 
ized, etc. 

Weaning  should  be  carefully  regulated ;  it  ought  never  to  be  sud- 
den but  should  be  prepared  for  some  time  in  advance.  The  number  of 
times  the  child  is  put  to  the  breast  should  be  gradually  diminished 
while  at  the  same  time  the  supplementary  feeding  should  be  increased. 

Next  to  alimentation  prophylaxis  demands  the  carrying  out  of 
other  hygienic  conditions.  The  clothes  of  the  child  should  be  warm, 
the  living  apartments  healthy,  that  is  to  say  dry,  well  ventilated,  and 
sunny ;  the  body  should  be  kept  clean,  the  child  should  be  taken  into 
the  open  air  frequently,  etc.  The  prophylaxis  of  rachitis  is  therefore 
purely  a  question  of  infantile  hygiene. 

Treatment. 

If  we  appeal  to  hygiene  in  order  to  prevent  rachitis,  we  ought 
equally  not  to  neglect  hygienic  measures  in  order  to  combat  it  when 
it  is  declared.  Fresh  air,  a  residence  in  the  country,  and  salubrious 
apartments  act  by  improving  nutrition,  toning  up  the  organism,  and 
favoring  growth.  City  air  is  not  good  for  rachitics ;  they  need  the 
pure  air  of  the  country  or  sea  air.  We  ought,  therefore,  whenever 
possible  to  take  rachitic  children  away  from  their  city  surroundings 
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and  put  them  in  the  country,  and  when  there  they  should  not  be  kept 
in  the  liouse  but  should  be  out  as  much  as  possible  in  the  ojjen  air, 
exposed  to  the  vivifying  influences  of  sunlight.  While  the  bones  are 
soft  and  are  becoming  deformed,  walking  should  be  prohibited  and 
the  children  should  be  carried  about  in  the  nurse's  arms  or  in  a  per- 
ambulator. 

Sea  air  has  an  admitted  advantage  over  that  of  the  interior,  and 
the  effects  of  a  i)rolouged  sojourn  of  rachitic  children  at  the  seashore 
are  often  most  striking.  An  Englishman,  R.  Russell,  was  the  first 
to  proclaim  the  advantages  of  thalassotherapy  (1750),  and  it  was  in 
England  that  the  first  maritime  station,  Margate,  was  established. 
Others  on  the  Continent,  Berck-sur-mer,  Viareggio,  etc.,  were  estab- 
lished later.  A  society  called  "I'Q^^uvre  des  Hoj^itaux  Marins"  was 
recently  founded  in  France  with  the  object  of  establishing  mari- 
time sanatoria  for  the  treatment  of  rachitis  and  scrofula.  In  Italy 
there  have  been  added  to  the  marine  stations  institutes  for  rachitis 
(Milan,  Turin,  etc.)  where  children  receive  both  treatment  for  their 
disease  and  education.  The  marine  treatment  of  rachitis  is  superior 
to  all  others  and  is  all-sufficient  for  mild  cases  and  those  of  medium 
severity.  After  a  few  months'  residence  at  the  seashore  the  children 
grow  almost  out  of  recognition,  the  curvatures  are  straightened,  the 
anaemia  disappears,  and  all  the  vital  functions  become  reestablished 
with  energy.  That  which  is  the  most  striking  and  which  enables  us 
to  measure  the  rapid  results  of  thalassotherapy  is  the  enormous 
growth  in  weight  and  in  height  of  the  children.  The  best  results  of 
marine  treatment  are  obtained  in  very  young  children  who  make  a 
prolonged  stay  at  the  seashore,  but  we  cannot  expect  to  cure  the  dis- 
ease by  this  means  when  the  deformities  are  of  long  standing  and  the 
bones  have  become  eburnated.  The  children  should  be  sent  to  the 
seashore  at  the  beginning  of  their  trouble,  when  the  disease  has  not 
had  time  to  complete  its  evolution. 

A  child  may  profit  by  thalassotherapy  without  taking  sea  baths ; 
salt  air  and  the  sojourn  on  the  beach  will  often  suffice ;  still,  baths 
should  be  given  to  all  those  who  can  bear  them.  In  default  of  sea 
baths  salt  baths  should  be  given  at  home,  for  they  have  a  beneficent 
action,  although  an  indirect  one,  on  the  general  nutrition.  My  cus- 
tom is  to  prescribe  a  bath  of  twenty  minutes'  duration,  containing  one, 
two,  or  three  kilograms  of  chloride  of  sodium,  according  to  the  age 
of  the  child,  every  day  or  every  other  day.  The  natural  chlorinated 
sodic  waters  may  advantageously  replace  these  baths  at  home.  Such 
waters  are  those  of  Salies-de-Bearn,  Salins  du'Jura,  and  Biarritz, 
A  distinguished  physician,  now  dead,  Dr.  Foix,  who  practised  at 
Salies-de-Bearn,  wrote  in  1883  :  "  Rachitis  in  its  early  stages  is  cured 
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constantly  and  with  extreme  rapidity.  My  custom  is  to  omit  all  other 
treatment,  while  the  baths  are  being  employed,  but  to  prescribe  an  ap- 
propriate medical  course  after  their  discontinuance.  After  the  third 
or  fourth  bath  the  results  are  most  evident,  the  curvatures  of  the  bones 
have  already  diminished,  and,  repose  aiding,  they  rapidly  disappear. 
When  the  malady  is  more  advanced  the  results  are  slower  but  none 
the  less  constant ;  the  curvatures  of  the  limbs  and  the  swelling  of  the 
epiphyses  disappear.  The  most  rebellious  deformities  are  undoubt- 
edly those  of  the  spinal  column,  which  yield  nevertheless  to  the  com- 
bined employment  of  douches  and  of  a  suitable  corset ;  those  of  the 
sternum,  which  disappear  in  turn,  and  especially  the  flattening  and 
falling-in  of  the  ribs;  and  finally  the  deformities  of  the  pelvis." 

After  the  baths  it  is  proper  to  speak,  as  stimulants  of  the  skin,  of 
electricity,  alcoholic  lotions,  and  dry  friction.  The  electrical  treat- 
ment of  rickets  has  been  much  vaunted  by  an  Italian  physician,  Dr. 
Tedeschi,  of  Padua  (1882) ;  he  employed  continuous  currents  and  the 
electric  bath.  In  using  continuous  currents  we  apply  the  electrodes 
along  the  spinal  column,  one  pole  at  the  right  of  the  cervical  vertebrae, 
the  other  at  the  left  of  the  lumbar  vertebra3,  the  current  being  passed 
for  two  minutes  in  a  downward,  and  two  minutes  in  an  upward 
direction;  this  is  to  be  repeated  every  day.  Soon,  under  the  influ- 
ence of  this  treatment,  we  see  the  sweating,  the  insomnia,  the  pains, 
the  glottic  spasm,  etc.,  disappear.  In  thirty-seven  cases  Tedeschi 
had  but  two  failures. 

Particular  attention  should  be  paid  to  alimentation.  The  food 
should  be  as  rich  and  as  digestible  as  possible,  such  as  milk,  cream, 
puree  of  vegetables,  eggs,  etc.  Those  articles,  which  are  rich  in 
phosphate  of  lime  {piirSe  of  lentils  and  beans,  calves'  brains,  sweet- 
breads) are  to  be  chosen  by  preference.  The  natural  phosphates, 
those  which  have  been  assimilated  by  plants,  should  be  preferred  to 
the  phosphates  of  the  shops,  which  are  possibly  not  absorbed  and  are 
always  of  doubtful  utility.  Hygiene  is  of  more  importance  than 
drugs.  However,  analeptic  remedies,  such  as  cod-liver  oil,  phosphate 
of  lime,  and  phosphorus,  are  very  frequently  prescribed. 

Cod-liver  oil  was  recommended  especially  by  Bretonneau  and 
Trousseau ;  the  yellow  oil,  containing  the  alkaloids,  is  to  be  preferred 
to  the  white  oil,  from  which  they  have  been  removed.  In  general  the 
amount  should  be  rapidly  increased  until  pretty  large  doses  are  be- 
ing given.  Carmichael,  however,  advised  the  exhibition  of  small 
doses,  or  even  frictions  with  the  oil  from  which  very  little  absorption 
could  be  expected.  In  order  that  the  oil  may  be  tolerated  by  very 
young  children  it  should  be  mixed  with  some  syrup.  The  animal  or 
vegetable  fats,  which  several  have  advised  as  substitutes  for  the  fish 
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oil — such  as  butter,  lard,  tallow,  olive  oil,  etc. — are  of  no  value  since 
they  contain  no  iodine,  i)liospbates,  or  ptomaines  to  which  cod-liver 
oil  owes  so  luuch  of  its  efficacy. 

The  action  of  this  oil  is  explained  by  A.  Gautier  and  L.  Mour- 
gues  as  follows:  1.  Cod-liver  oil  acts  through  its  fatty  bodies  which 
are  readily  assimilable,  thanks  to  their  partial  sai)ouification  by  the 
action  of  the  hepatic  ferments  and  by  the  dissolution  of  a  certain 
quantity  of  biliary  matters.  The  fatty  bodies  are  the  reserves  which 
are  stored  in  certain  of  the  tissues  and  are  destined  to  be  utilized  by 
the  economy  to  supply  the  need  for  calorification.  They  cannot, 
therefore,  be  replaced  by  less  digestible  fats  or  fatty  acids.  2.  This 
oil  acts  as  a  repairer  of  the  tissue  in  virtue  of  its  richness  in  phos- 
phate, phosphoglyceric  acid,  lecithin,  and  phosphorus  in  organic 
combination.  The  small  amounts  of  iodine  (3  or  4  cgm.  per  litre)  or 
of  bromine  also  aid  in  this  reparative  action.  3.  Finally,  the  oil  acts 
by  its  alkaloids,  which  are  found  in  the  colored  oils  and  render  them 
more  active  than  the  white  oils. 

J.  Bouillot  has  isolated  the  alkaloids  of  cod-liver  oil  and  has  ad- 
ministered them  in  doses  of  15  to  25  cgm.  in  the  twenty-four  hours. 
In  the  case  of  two  children  suffering  from  malnutrition,  the  apjjetite 
returned  under  this  treatment  in  a  few  days.  Cod-liver  oil,  the  ad- 
ministration of  which  should  be  continued  for  a  considerable  period, 
is  indicated  especially  in  the  case  of  emaciated  and  cachectic  children 
tainted  with  scrofula  or  tuberculosis. 

Pliosphate  of  lime  may  be  given  in  powder  (tricalcic  phosphate)  or 
in  a  slightly  sweetened  acid  solution  (solutions  and  syrups  of  the 
phosphate  or  of  the  chlorhydro-  or  lactophosphate  of  lime).  At  the 
present  day  the  glycerophosphates,  which  seem  to  be  more  directly 
assimilable,  are  often  prescribed  in  doses  of  one  to  four  teaspoonfuls 
a  day.  Sometimes  lime  syrups  are  added  to  cod-liver  oil,  making  a 
mixture  that  is  well  borne  by  the  little  patients.  For  very  young 
children  a  suitable  form  of  alimentation  is  phosphated  milk,  contain- 
ing from  5  to  7  gm.  of  phosphate  of  lime  per  litre.  This  is  obtained 
from  cows  supplied  with  fodder  grown  in  a  soil  highly  charged  with 
phosphates. 

Pure  pliospTiorus  has  been  tried  first  by  Trousseau,  who  pre- 
scribed it  in  the  form  of  jihosphorated  butter  (1  cgm.  phosijhorus  to 
300  gm.  butter)  spread  on  thin  slices  of  bread,  then  by  Kassowitz 
who  regards  phosphorus  as  a  specific  remedy  in  rachitis.  The  drug 
may  be  given  after  the  following  formula: 

R  White  phosphorus 0.1  (gr.  iss.) 

Cod-liver  oil, 1,000.0  (Oij.) 

M.     Sig.  One  to  two  teaspoonfuls  a  day. 
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Oil  of  sweet  almonds  may  be  substituted  for  cod-liver  oil.  The 
mixture  may  be  rendered  palatable  by  syrups  or  aromatic  substances, 
such  as  peppermint,  anisette,  strawberry  syrup,  etc.  The  daily 
dose  of  phosphorus  ought  not  to  exceed  1  or  2  mgm.  (gr.  t¥~A^)j  o^ 
even  less.  This  remedy,  according  to  Kassowitz — whose  enthusiasm, 
however,  I  do  not  share — will  hasten  the  closure  of  the  fontanelles, 
cure  the  craniotabes,  prevent  glottic  spasms,  and  bring  about  a  rapid 
cure.  However  this  may  be,  phosphorus  does  no  harm  when  em- 
ployed in  minute  dose  and  may  very  well  be  added  to  an  oily  men- 
struum which  increases  its  action. 

Other  remedies  may  be  employed  according  to  the  indications — 
iron  to  combat  the  anaemia,  iodine  to  overcome  the  obesity,  quinine 
and  strychnine  as  a  tonic  for  cachectic  children  whose  vital  functions 
are  sluggishly  performed.  If  there  is  enlargement  of  the  spleen  ar- 
senic should  be  given  in  doses  of  five  or  ten  drops  of  Fowler's  solution 
per  day.  When  there  is  scurvy  or  hemorrhage  from  any  part  we 
should  insist  upon  the  use  of  fresh  meat  and  of  the  juice  of  acid 
fruits,  such  as  oranges,  lemons,  and  grapes. 

SuEGiCAL  Treatment  of  the  Defoemities. 

When  all  has  been  done  and  especially  if  the  maritime  treatment 
has  been  tried,  and  the  deformities  still  persist  or  are  increased,  we 
must  have  recourse  to  surgical  and  orthopedic  measures. 

Manual  Redaction. — The  curvatures  in  rachitic  bones  can  be  re- 
duced manually  only  in  the  case  of  very  young  children.  The  patient 
should  always  be  anaesthetized  by  means  of  ether  or  chloroform,  and 
after  the  limbs  are  straightened  they  should  be  placed  in  a  retentive 
apparatus  (well  padded)  in  order  to  prevent  a  return  of  the  deformity. 

Mechanical  Straightening. — An  apparatus  devised  by  V.  Bobin,  of 
Lyons,  enables  us  to  break  the  bones  at  any  desired  point,  producing 
subperiosteal  fractures  which  heal  rapidly.  This  procedure,  called 
osteoclasis,  has  the  advantage  of  being  free  from  all  danger.  The 
bones  should  not  be  immediately  straightened,  but  the  fractured  limb 
should  be  placed  in  a  plaster  splint  in  its  vicious  position  and  the  re- 
duction of  the  deformity  should  be  delayed  for  three  or  four  days,  at 
the  end  of  which  time  the  member  may  be  placed  in  an  immovable 
apparatus  in  the  desired  position. 

Osteotomij.—When  the  curvature  of  the  tibia  or  of  the  femur  is  ex- 
cessive, osteoclasis  is  not  sufficient.  We  must  incise  the  soft  parts 
and  attack  the  bone  at  its  point  of  greatest  convexity  by  means  of 
linear  or  cuneiform  osteotomy.  The  latter  consists  in  the  removal  of 
a  wedge-shaped  piece  of  bone  from  the  convexity  of  the  curve,  in 
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order  to  permit  of  the  straighteuiiig  of  the  limb.     Of  course  the 
operation  shoukl  be  doue  asepticall}-. 

Ortliopedic  Treatment. — Rachitic  children  are  often  made  to  wear 
apparatus  destined  to  straighten  the  bones  or  to  prevent  the  turning 
of  the  ankles.  These  consist  of  boots,  stiffened  with  s])lints,  or  of 
retentive  apparatus  extending  up  to  the  thigh  or  even  to  the*  hip.  H. 
Martin,  of  Lausanne,  claims  to  cure  knock-knee  by  Venel'sorthojjedic 
splint.  This  is  made  of  two  bars  of  steel  extruding  on  either  side  of 
the  leg  from  the  upper  third  of  the  thigh  to  the  lower  part  of  the  leg ; 
by  means  of  suitable  straps  and  pads  the  knee  is  retained  in  this  ap- 
paratus Avhile  pressure  is  brought  to  bear  upon  the  inner  surface  of 
the  articulation.  The  apparatus  should  be  reapplied  several  times  a 
day  and  each  time  the  joint  should  be  manipulated  so  as  to  aid  still 
further  the  action  of  the  sxjlint.  Eachitic  scoliosis  must  be  treated 
by  Swedish  movements  and  by  plaster  or  other  forms  of  jackets. 

All  these  measures,  which  are  more  or  less  painful,  expensive, 
and  uncertain  in  their  results,  are  only  too  often  rendered  necessary 
by  the  carelessness  which  has  permitted  the  disease  to  run  through 
all  its  stages.  In  order  to  avoid  this  necessity  of  operative  or  in- 
strumental interference  we  should  combat  rachitis  energetically  by 
means  of  the  hygienic  and  medicinal  measures  just  outlined.  And 
we  ought  especiall}^  never  to  give  over  to  the  surgeon  a  rachitic  child 
until  we  have  tried  the  effects  of  thalassotherapy,  which  is,  without 
any  doubt,  the  most  efficacious  of  all  methods  of  treatment. 

Taken  in  time  the  disease  is  curable  in  the  vast  majority  of  cases 
by  purely  medical  measures;  but  neglected,  unrecognized,  or  badly 
treated,  it  produces  deformities  which  are  irremediable  without  the 
intervention  of  the  surgeon. 
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THE  DISORDERS  OF  MENSTRUATION. 


Before  considering  the  Various  disorders  to  which  menstruation 
is  subject,  a  few  words  regarding  normal  menstruation  seem  ai)pro- 
l)riate. 

Menstruation,  without  considering  its  intimate  physiology,  is 
characterized  by  a  flow  of  blood  which  is  i^eriodical  and  temporary, 
and  which  commences  in  the  female  at  puberty.  In  our  climate  it  is 
usually  between  the  ages  of  twelve  and  fifteen  that  menstruation 
makes  its  appearance  along  with  all  the  other  symx)toms  of  puberty. 
The  date  of  the  appearance  of  the  menses  is  governed  b}'  general  or 
individual  causes,  such  as  the  race,  climate,  latitude,  social  condi- 
tion, mode  of  education,  of  alimentation,  occupation,  constitution, 
hygiene  in  general,  etc.  The  menses  are  very  exceptionally  found 
to  occur  from  the  time  of  birth,  or,  what  is  more  frequent,  during  the 
first  few  3'ears  of  life.  This  is  called ^^recoa'ot^.s  menstruation.  This 
precocity  appears  to  have  no  influence  on  the  ulterior  evolution  of  the 
function  of  menstruation;  nevertheless  a  certain  coincidence  between 
this  abnormality  and  cancer  on  the  one  hand,  or  a  later  menopause  on 
the  other,  has  been  remarked  by  certain  obsers^ers. 

The  Menopause. — This  occurs  at  the  age  of  from  forty -six  to  fifty, 
which  implies  that  the  genital  life  of  a  woman  of  our  climate  has  a 
duration  of  from  thirty  to  thirty-six  years.  But  here,  also,  exceptions 
are  not  rare,  and  especially  cases  of  long  continuance.  Sj-mptomatic 
metrorrhagia  def)ending  on  uterine,  ovarian,  or  tubal  affections,  which 
occurs  after  the  usual  age  of  the  menopause,  is  often  mistaken  for 
the  menses,  though  there  are  some  unmistakable  cases  recorded  of 
true  menstruation  which  lasted  as  late  as  the  fifty-fifth,  sixtieth,  and 
even  seventieth  year.  In  practice,  these  late  flows,  in  spite  of  their 
apparent  periodicity,  should  always  be  regarded  with  suspicion  as 
denoting  some  serious  lesion  seated  either  in  the  cei-vix  or  in  the 
corpus  uteri.  A.  E.  Simpson  states  that  not  infrequently  the  climac- 
teric is  preceded  by  two  or  three  periods  of  excessive  flow  of  blood 
without  there  being  any  pathological  change  in  the  uterus. 

On  the  other  hand,  precocious  menopause  has  been  met  with  oc- 
cun-ing  at  the  age  of  forty,  thirty,  or  even  twenty-seven. 

"What  is  the  physiological  mechanism  of  menstruation?     It  is  not 


566       GUSHING-  AND  GUMSTON — THE  DISORDERS  OF  MENSTRUATION. 

our  intention,  in  tliis  short  resume  of  tlie  subject,  to  discuss  the 
theories  which  have  been  emitted  upon  this  question.  We  will,  how- 
ever, say  that  supporters  of  the  classical  theory  of  ovulation  (Meg- 
nier,  Coste,  Bischoff,  etc.)  have  been  completely  overthrown  by 
Beigel,  de  Sinety,  Lawson  Tait,  and  others.  We  may  admit  for  the 
time  being  that  ovulation  and  the  menstrual  flux  are  two  phenomena 
usually  connected  with  one  another,  but  not  necessarily  united  to 
each  other.  For  that  matter,  none  of  the  more  recent  theories  can 
successfully  overthrow  the  old  one. 

Recently  Byron  Bobinson  has  emitted  a  theory  which  should  be 
mentioned  here,  inasmuch  as  it  explains  at  the  same  time  the  flow 
of  the  menses  as  well  as  their  periodical  appearance.  According  to 
this  writer,  there  is  in  the  walls  of  the  tubes  and  uterus  a  certain 
number  of  small  ganglia  which  he  calls  the  automatic  ganglia  of 
menstruation  and  which  are  analogous  in  their  functions  to  the 
ganglia  of  Bidder,  Schmidt,  Ludwig,  Bemak,  and  to  the  plexus  of 
Auerbach  and  Meissner,  which  preside  over  the  rhythmic  and  peri- 
odical function  as  well  as  over  the  uterus  and  the  tubes.  His  asser- 
tion is  based  on  experiments  in  comparative  physiology  and  on 
anatomical  researches.  The  ganglia  in  question  may  sometimes  be 
seen  with  a  strong  magnifying  glass ;  the  sympathetic  nerves  which 
go  forth  from  them  enter  into  the  tubes  and  the  corpus  uteri,  while 
the  branches  coming  from  the  sacral  plexus  innervate  the  cervix. 

It  is  the  mucosa  of  the  corpus  uteri  that  undergoes  the  greatest 
changes  in  its  structure  during  menstruation.  Leopold  gives  the  fol- 
lowing resume  of  these  changes :  Hypertrophy  and  congestive  oedema 
of  the  endometrium ;  modifications  of  the  glands,  which  are  elongated, 
hypertrophied,  and  irregular  in  shape ;  dilatation  of  the  lymphatic 
spaces ;  infiltration  of  the  stroma  with  embryonic  elements,  while  on 
the  surface  giant  cells  are  to  be  found.  The  exit  of  the  red  blood 
corpuscles  occurs  by  diapedesis  and  bj^  rupture  of  the  superficial  vas- 
cular networks. 

It  was  believed  that  at  each  menstrual  period  desquamation  of  the 
mucosa  occurred,  but  the  researches  of  Kundrat,  Leopold,  Maricke, 
de  Sinety,  and  others,  have  demonstrated  that  it  remains  intact. 
There  is  probably  an  exaggerated  secretion  from  the  uterus  and 
tubes,  but  no  degenerative  changes.  The  mucous  membrane  of  the 
tubes  undergoes  changes  identical  to  those  of  the  endometrium ;  that 
of  the  cervix  only  secretes  more  abundantly. 

The  quantity  of  blood  which  flows  away  at  each  menstruation 
varies  with  each  woman,  and  may  differ  in  the  same  subject  from  one 
month  to  another.  The  mean  quantity  lost  at  each  menstruation  is 
from  100  to  300  c.c.     At  the  beginning  and  at  the  end  of  each  period 
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the  blood  is  mixed  with  mucus  and  presents  a  lighter  color.  During 
the  height  of  the  process  it  has  the  characteristics  of  venous  blood. 
It  is  rich  in  carbonic  acid  and  contains  mucus ;  there  is  little  tendency 
to  coagulation.  Nevertheless,  if  it  transudes  abundantly  and  remains 
in  the  uterine  cavity,  it  may  form  clots  there,  and  these  when  expelled 
will  ])roduce  pain,  which  is  known  by  the  name  of  uterine  colic.  The 
odor  of  the  menstrual  blood,  which  is  sni  generis,  is  due  to  the  changes 
that  it  undergoes  on  account  of  the  slowness  of  its  exit  and  its  ad- 
mixture with  the  vaginal  secretions.  This  odor  is  for  that  matter 
less  in'onouneed  the  more  the  woman  is  attentive  to  her  toilet. 

The  older  writers  attributed  virulent  properties  to  menstrual 
blood,  but  good  sense  and  observation  have  long  since  demonstrated 
the  folly  of  this  idea.  Nevertheless,  Barnes  admits  that  in  certain 
cases,  in  which  there  is  retention,  a  kind  of  menstrual  toxcemia 
may  occur  which  is  due  to  the  resorption  of  the  altered  blood  and 
is  analogous  to  certain  forms  of  autogenetic  puerperal  fever.  It  is 
also  probably  true  that  in  many  women  who  have  latent  gonorrhoea 
lingering  in  the  mucosa  of  the  cervix  uteri,  the  gonococci  are  brought 
down  into  the  vagina  at  and  just  after  the  menstrual  period,  so 
that  coitus  at  this  time  only  may  give  rise  to  infection. 

All  parts  of  the  genital  system,  ovaries,  broad  ligaments,  vagina, 
vulva,  and  breasts,  participate  in  the  menstrual  congestion. 

At  the  time  of  the  first  menstruation,  the  organism  of  the  female 
undergoes  profound  modifications,  all  of  which  constitute  pubei-ty. 
The  pehds  becomes  larger,  the  growth  of  hair  on  the  pubis  becomes 
marked,  the  breasts  and  the  thyroid  gland  develop,  etc. 

The  appearance  of  the  blood  may  occur  without  any  prodromes  in 
young  girls  who  are  health}-,  and  may  often  take  place  ^^'ithout  any 
warning.  But  usually,  especially  in  women  living  in  large  cities, 
the  first  menses  are  preceded  by  a  lassitude,  a  feeling  of  fulness  in 
the  pelvis  and  in  the  lumbar  region,  headache,  flashes  of  heat,  ver- 
tigo, changes  in  the  individual  character,  frequent  desire  to  pass 
water,  pruritus  of  the  vulva,  painful  swelling  of  the  breasts,  and  a 
number  of  other  phenomena.  All  these  symptoms  usually  diminish 
as  soon  as  the  flow  is  established,  but  sometimes  they  persist  during 
the  entire  time  of  the  floAv. 

T\Tien  once  established,  the  menses  appear  every  twenty-eight  or 
thirty  days  during  the  entire  genital  life  of  the  woman,  with  the  same 
general  and  local  signs  more  or  less  marked.  All  these  taken  to- 
gether constitute  what  is  called  the  menstrual  molimen. 

It  is  not  infrequent  to  witness  at  the  time  of  the  menses,  although 
they  may  be  perfectly  normal,  a  certain  number  of  periodical  cutane- 
ous manifestations,  such  as  erux)tions  of  herpes,  of  acne,  ui-ticaria, 
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pempliigus,  eczema,  erysipelas,  etc.  Becently,  one  or  two  works  have 
appeared  describing  a  so-called  angina  of  menstruation  which  is  a 
form  of  subacute  tonsillitis.  Other  congestive  processes  have  also 
been  mentioned  such  as  parotiditis  and  an  exaggerated  swelling  of 
the  thyroid  gland. 

During  this  period  women  should  avoid  sudden  changes  in  their 
manner  of  living,  any  great  emotion  or  mental  impression,  be  it 
either  local  or  general;  cold  should  be  avoided  as  well  as  coitus. 
All  causes,  even  slight,  of  infection  should  be  carefully  prevented, 
because  the  endometrium  is  at  this  time  in  a  condition  which  is  par- 
ticularly favorable  for  the  retention  and  culture  of  the  infectious 
bacteria.  There  is  no  doubt  in  our  minds  but  Miat  very  many  cases 
of  endometritis,  which  so  often  occurs  in  the  virgin  or  the  multi- 
para, are  due  to  improper  care,  both  local  and  general,  during  the 
menstrual  periods. 

Amenorrlioea. 

Amenorrhoea,  in  the  strict  sense  of  the  word,  is  the  complete  ab- 
sence of  periodic,  sanguineous  transudation  from  the  utero-tubal 
mucous  membrane.  This  definition  excludes  those  cases  in  which 
retention  of  the  menstrual  blood  is  due  to  any  mechanical  obstruc- 
tion, such  as  imperforate  hymen,  congenital  stenosis  of  the  cer\dcal 
canal,  etc. 

Amenorrhoea  is  physiological  before  puberty  and  after  the  meno- 
pause, as  well  as  during  pregnancy  and  lactation. 

The  intermittent  hemorrhages  that  are  occasionally  observed  at 
the  beginning  of  or  during  pregnancy  are  caused  by  a  congestive 
transudation  or  are  due  to  an  organic  lesion  of  the  cervix  or  body  of 
the  uterus,  as  well  as  to  threatened  abortion.  These  flows  have 
never  rigorously  the  characters  of  periodicity,  duration,  quantity,  and 
quality  of  true  menstruation.  The  menses  reappear  generally  at 
about  the  forty -fifth  day  after  labor,  if  the  woman  does  not  bring  up 
her  child  at  the  breast. 

During  lactation  there  are  very  frequent  exceptions  to  the  rule 
of  normal  amenorrhoea.  It  is  not  infrequent  to  see  very  good  nurses 
who  have  their  catamenia  after  the  sixth  or  the  eighth  month,  or 
even  at  the  usual  time  at  which  the  menses  would  return  after  labor, 
were  the  child  not  breast-fed.  In  these  conditions  the  milk  is 
simply  less  rich  in  fatty  matter,  and  the  chances  of  fecundation  are 
very  largely  increased. 
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Etiology  and  Pathology. 

The  causes  of  pathological  amenorrhoea  are  to  be  found  either  in 
the  genital  organs,  in  the  general  condition  of  the  patient,  or  in 
the  nervous  system. 

The  Genital  Causes. — Permanent  and  spontaneous  amenorrhoea  is 
usually  produced  by  an  arrest  in  the  development  of  either  the  entire 
genital  system  or  a  part  of  it. 

Amenorrhoea  may  be  only  apparent  in  cases  in  which  there  is  con- 
genital or  acquired  atresia  of  the  genital  canal  resulting  in  hsemato- 
colpos  and  hiematometra,  diseases  which  cannot  be  considered  here, 
as  they  belong  under  the  head  of  genital  malformations. 

As  we  have  said,  real  amenorrhoea  depends  on  a  pathological  con- 
dition of  the  uterus,  the  tubes,  or  the  ovaries.  Diseases  to  which 
the  ovaries  are  subject  do  not  produce  amenorrhoea  unless  these 
organs  are  in  a  very  degenerated  condition.  We  have  seen  cases  of 
microcystic  degeneration  of  both  ovaries  in  the  same  individual,  in 
which  the  organs  were  riddled  with  cysts,  a  small  portion  of  healthy 
ovarian  tissue  only  remaining ;  and  still  these  patients  had  menor- 
rhagia.  The  presence  of  even  large  tumors  of  both  ovaries  does  not 
cause  amenorrhoea.  Surgical  suppression  of  the  totality  of  both 
ovaries  produces  artificial  amenorrhoea  immediately^,  or  if  not  imme- 
diateh",  very  shortly  after.  We  think  that  this  is  the  opinion  which 
is  generally  admitted  to-day.  The  cases,  which  for  that  matter  are 
quite  numerous,  in  which  there  is  a  temporary  or  permanent  con- 
tinuance of  menstruation  after  bilateral  ablation  of  the  ovaries  can 
be  explained  by  the  presence  of  a  supernumerary  ovary  or  of  a 
piece  of  ovarian  tissue  which  had  escaped  the  knife,  or  hj  the  per- 
sistence of  uterine  lesions,  or,  lastlj',  by  a  kind  of  organic  habit.  All 
other  reasons  are  open  to  great  suspicion,  except  the  one  that  some 
portion  of  ovarian  tissue  has  been  left  behind,  either  by  inattention 
of  the  operator  or  because  some  part  of  an  ovary  was  in  the  broad 
ligament  separate  from  the  rest  of  the  organ. 

Tubal  amenorrhoea  is  very  infrequent,  because  diseases  of  the 
tubes,  even  such  as  suppurating  salpingitis  in  which  the  canal  of  the 
tube  is  transformed  into  a  purulent  cyst,  do  not  prevent  menstrua- 
tion if  the  ovary  and  the  uterus  remain  healthy.  This,  however,  is 
rarely  the  case,  as  the  endometrium  in  cases  of  salpingitis  is  usually 
in  a  state  of  more  or  less  pronounced  inflammation.  As  to  the  func- 
tional or  surgical  suppression  of  the  tubes,  it  is  absolutely  impossi- 
ble to  draw  any  conclusions  from  the  cases  which  have  been  reported, 
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because  the  results  as  regards  menstruation  are  so  diametrically  op- 
posed to  each  other. 

The  diseases  of  the  pelvis  in  general  rarely  cause  amenorrhoea. 

Uterine  amenorrhoea,  that  which  has  some  affection  of  the  uterus 
for  cause,  is  relatively  rare.  It  may  accompany  inflammation,  dis- 
placements, or  tumors  of  this  organ,  although  these  affections  usually 
produce  metrorrhagia;  bat  in  atrophy  of  the  uterus,  be  it  either  con- 
genital or  acquired,  after  labor,  inflammation,  or  violent  cauterization, 
amenorrhoea  will  be  the  prominent  symptom. 

General  Causes. — Ml  acute  and  chronic  diseases  wliich  may  delay 
the  development  of  the  genital  organs,  modify  the  composition  of  the 
blood,  or  profoundly  deplete  the  organism,  may  produce  amenor- 
rhoea. Thus  chlorosis,  scrofula,  angemia,  tuberculosis,  either  at  the 
beginning  or  in  the  later  period;  typhoid  fever,  albuminuria,  diabetes, 
the  various  cachexias,  either  medical  or  surgical;  intoxications  from 
alcohol,  morphine,  or  syphilis — all  these  act  in  diff'ereut  degrees. 
Menstruation,  like  digestion,  like  the  greater  part  of  the  functions  of 
the  economy,  is  produced  only  in  a  healthy  organism ;  disease  arrests 
it  or  hinders  it.  Besides  the  diseases  already  mentioned  pertaining 
to  the  etiology  of  amenorrhoea,  obesity  must  certainly  not  be  for- 
gotten. It  is  also  necessary  to  take  into  account  the  hygienic  condi- 
tion of  the  patient,  because  a  want  of  air,  light,  or  exercise,  too 
much  physical  or  intellectual  work,  insufiicient  nourishment,  or  a 
sudden  change  of  alimentation  are  certainlj^  prominent  factors  in  the 
etiology  of  this  menstrual  disorder. 

Nervous  Causes. — These  act  by  inhibition,  or  by  a  vasomotor 
perturbation,  and,  generally  speaking,  cause  only  a  transitory  arrest 
of  the  menstrual  flow.  A  great  moral  emotion,  no  matter  to  what  it 
may  be  due,  a  sudden  cooling  down  either  of  the  entire  body  or  simply 
of  the  genital  organs,  surgical  shock,  etc.,  are  occasionally  the  cause 
of  a  sudden  arrest  of  an  already  commenced  menstruation,  and  may 
ultimately  produce  amenorrhoea. 

Hysteria,  epilepsy,  certain  forms  of  mental  disease,  and  myelitis 
have  amenorrhoea  as  one  of  their  symptoms ;  and  lastly,  it  may  have 
as  a  cause  direct  suggestion,  or  a  kind  of  autosuggestion  by  fear  of 
pregnancy,  or  by  an  extreme  desire  to  be  pregnant.  These  cases  of 
amenorrhoea  by  autosuggestion  are  far  from  infrequent.  Several 
cases  have  come  under  our  obseiwation  in  Europe  which  were  cured 
by  hypnotism.  Generallj-  speaking,  this  form  of  amenorrhoea  does 
not  persist  for  any  length  of  time. 

There  are  cases  of  amenorrhoea  in  which  the  most  attentive  and 
careful  examination  can  show  no  pathological  condition  of  the  female 
organs  of  generation.     These  cases  we  should  diagnose  under  the 
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name  of  idiopathic  amenorrhcea.  This  is  a  classification,  however, 
that  will  little  by  little  disappear  as  the  science  and  art  of  gynecology 
progress.  ' 

Symptoms. 

Amenorrhcea,  unless  it  is  congenital,  comes  about,  according  to 
the  cause,  more  often  insensibly  than  by  sudden  arrest  of  the  func- 
tion, iilthough  under  certain  conditions  it  may  be  sudden  and  occur 
in  the  midst  of  the  menstruation. 

Whether  the  trouble  be  permanent  or  transitory,  the  menstrual 
period  may  go  by  unnoticed  or  may  be  recalled  simj^ly  by  the  men- 
strual molimeu,  or  may  give  rise  to  various  troubles,  such  as  cutane- 
ous exanthemata,  which  we  have  already  mentioned,  or  to  exaggerated 
disturbance  of  the  nervous  system,  which  may  go  so  far  as  to  produce 
compulsions,  sensorial  x^erturbatiou,  and  even  paraplegia. 

The  flow  of  blood  is  occasionally  superseded  by  supplementary 
secretions,  such  as  leucorrhoea,  diarrhoea,  or  hyperidrosis,  and, 
lastly,  it  may  occur  periodicallj'  from  other  parts  of  the  body,  a  con- 
dition of  affairs  known  as  vicarious  menstruation.  The  mucous 
membrane  of  the  nose,  the  bronchial  tubes,  the  stomach,  and  the 
rectum,  are  the  most  frequent  seats  of  this  abnormal  condition. 
Exceptionally,  the  flow  of  blood  has  been  observed  to  come  from  the 
ear,  from  the  surface  of  a  tumor,  or  from  a  cutaneous  wound.  Al- 
though many  of  the  cases  of  this  sort  are  subject  to  a  certain  amount 
of  doubt,  too  many  trustworthy  instances  have  been  recorded  to 
permit  of  scepticism,  so  that  the  fact  must  be  admitted  to-day. 

Prognosis. 

Amenorrhcea  is  often  only  a  simple  delay  of  the  appearance  of  the 
menses,  which  may  last  a  few  years ;  and  in  this  case  it  is  due  to  an 
arrest  or  a  delaj'  in  the  development  of  the  organism.  Menstruation 
will  establish  itself  with  regularity  later  on. 

^Tien  amenorrhcea  is  permanent,  it  is  not  incompatible  with  a 
health  which  otherwise  is  perfect;  neither  does  it  exclude  the  possi- 
bility of  fecundity  or  pregnancy,  and  cases  of  permanent  amenorrhcea 
are  on  record  in  which  the  subjects  were  mothers  of  health}'  children. 
Likewise  cases  have  been  recorded  in  which  patients  who  have  had 
amenorrhcea  up  to  the  time  of  their  first  or  second  pregnancy,  have 
eventually  menstruated  after  bringing  their  children  into  the  world. 

The  prognosis  of  occasional  amenorrhcea  varies  according  to  the 
lesion  which  produces  it.  It  is  often  a  phenomenon  which  is  not 
to  be  considered;  often  it  is  the  indication  of  serious  lesions  of 
some  organ  or  organs  of  the  economy.     When  amenorrhcea  has  an 
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emotion  or  nervous  shock  as  its  etiological  factor,  it  is  sometimes 
of  short  duration,  and  may  cease  under  the  influence  of  a  cause  simi- 
lar to  that  which  produced  it. 

Diagnosis. 

Amenorrhoea  can  only  be  mistaken  for  a  mechanical  retention  of 
the  menses  by  imperf oration  or  obstruction  of  the  genital  canal;  but 
these  causes,  which  might  lead  the  practitioner  into  error,  are  easily 
detected  if  direct  examination  of  the  parts  be  made,  and  this  should 
never  be  neglected  under  any  consideration. 

In  a  young  woman  or  a  young  girl  who  formerly  was  regular,  and 
in  other  ways  of  good  health,  suppression  of  the  menses  should  lead 
the  physician  to  consider  the  cxuestion  of  a  commencing  pregnancy, 
and  the  signs  of  this  condition  should  be  carefully  sought  for;  but  as 
they  are  known  to  all,  we  will  not  give  them  here.  If  the  menstrua- 
tion has  previously  been  irregular,  and  the  patient  is  in  the  grasp  of 
some  chronic  affection,  the  diagnosis  may  be  much  more  difficult  to 
arrive  at,  and  oftentimes  it  is  better  to  wait  and  watch  the  patient 
before  either  making  or  rejecting  the  diagnosis  of  pregnancy.  It 
should  never  be  forgotten  that  there  is  a  so-called  nervous  pregnancy, 
caused  by  an  excessive  desire  to  have  children,  or,  on  the  contrary, 
great  fear  of  conceiving.  But  these  cases  are  infrequent,  and  if  the 
patient's  history  is  carefully  examined  into,  there  should  be,  we  think, 
no  difficulty  in  coming  to  a  correct  conclusion. 

If  the  amenorrhoea  is  really  pathological,  the  cause  is  the  first 
point  to  determine.  The  solution  of  the  problem  is  generally  easy ; 
most  often  the  physician  finds  himself  in  the  presence  of  a  young 
woman,  pale,  slight,  lymphajtic  or  nervous,  and  presenting  the  stig- 
mata of  scrofula,  or  the  signs  of  an  overworked  system,  either  men- 
tal or  physical.  A  physical  examination  of  these  subjects  should 
be  made  with  the  greatest  precision  and  detail,  none  of  the  systems 
being  neglected,  because  in  the  majority  of  cases  some  latent  disease, 
particularly  pulmonary  tuberculosis  or  heart  disease,  will  probably 
be  discovered.  The  mensti'ual  disorder  in  these  cases  is  either  due 
to  an  incomplete  development  of  the  genital  apparatus,  which  will 
be  found  out  only  by  direct  examination  under  ether  or  chloroform, 
or  the  general  condition  of  the  subject  may  sufficiently  explain  the 
abnormality ;  or,  on  the  other  hand,  both  these  causes  may  be  com- 
bined in  one  patient. 

When  amenorrhoea  is  accompanied  by  pelvic  symptoms,  it  is  asso- 
ciated with  a  peri-uterine  or  uterine  lesion,  which  will  be  discovered 
by  a  properly  conducted  examination  and  by  a  proper  questioning 
of  the  patient.     As  to  vicarious  menstruation,  in  order  to  be  char- 
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acteristic  it  should  be  periodical  and  coincide  with  the  menstrual 
molimen  and  absence  of  tlow  of  blood  from  the  genital  tract. 

Treatment. 

The  care  of  patients  presenting  amenorrhoea  should  be  considered 
especially  as  regards  the  cause.  If  the  amenorrhoea  is  symi)tomatic 
of  a  uterine  or  peri-uterine  disease,  the  latter  should  first  be  treated. 
In  the  case  of  microcystic  degeneration  of  the  ovaries,  the  daily 
application  of  a  tweut3^-five-per-cent.  solution  of  thiol  in  glycerin 
on  large  wool  tampons  is  indicated.  Ichthyol  or  thiol  tampons  are 
also  of  great  value  in  the  various  inflammatory  uterine  disorders. 
The  hot  douche  is  also  frequently  emploj-ed,  and  with  good  reason, 
in  these  cases. 

If  the  subject  be  a  young,  chlorotic  woman,  living  under  bad 
hygienic  conditions  and  presenting  tardy  development  or  inactivity 
of  the  utero-ovarian  system,  the  physician  should  order  a  good, 
nourishing  diet,  walks  in  the  open  air,  gymnastics,  hydrotherapj^; 
massage  of  the  abdominal  organs,  or  alcoholic  frictions  over  the 
abdomen;  tonics  such  as  iron,  chalybeate  waters  such  as  those  of  St. 
Leger  or  Orezza ;  or  arsenic,  inhalations  of  oxygen,  static  or  faradic 
electricitj' ;  the  emmenagogues,  such  as  saffron,  ruta  graveolens, 
oxalate  of  cerium,  apiol,  oxalic  acid,  permanganate  of  potassium, 
salicylate  of  sodium,  should  be  administered  only  with  great  pre- 
caution. The  permanganate  of  potassium,  given  in  a  dose  of  from  5 
to  10  cgm.  daily,  has  been  praised  of  late  years  as  a  remedy  for 
amenorrhoea  in  young  girls.  The  peroxide  of  manganese  in  the  dose 
of  10  cgm,  thrice  daily  is  also  of  value.  Iodide  of  potassium  in 
increasing  doses,  beginning  with  50  cgm.  daily,  increased  to  3  gm. 
in  twenty-four  hours,  is  also  very  highly  recommended,  although  it 
has  not  proved  particularly  successful  in  our  hands.  Primarj^  amen- 
orrhoea is  well  treated  by  the  administration  of  four  drops  of  tincture 
of  Pulsatilla  thrice  daily.  The  tincture  of  Pulsatilla  given  in  con- 
junction with  tincture  of  caulophyllum  is  also  of  considerable  value 
and  may  be  prescribed  as  follows : 

ij  Tinct.  pulsatillae .  5.0 

Tinct.  caulopliylli, .         10.0 

M.     S.  Take  fifteen  drops  in  water  three  times  daily. 

Oxalic   acid  is  also  much  in  vogue  as  an  emmenagogue.     The  fol- 
lowing formula  is  given  as  an  example  of  its  mode  of  administration : 

IJ  Acidi  oxalici,  0.50 

Syr.  limonis. 

Aquae, aa  50.0 

M.     S.  A  teaspoonf ul  three  times  daily. 


574        GUSHING  AND   CUMSTON — THE  DISOEDEES   OP  MENSTEUATION. 

The  action  of  this  drug  is  not,  however,  without  some  amount  of 
danger  as  has  been  pointed  out  by  Talley,  and  for  this  reason  the 
physician  should  carefully  watch  the  patient  during  its  exhibition. 
It  appears  to  have  a  direct  stimulating  action  on  the  uterine  mucosa, 
and  is  consequently  indicated  in  the  amenorrhoea  of  anaemic  or 
plethoric  women. 

In  married  women  the  intra-uterine  faradic  current,  or,  better  still, 
the  galvanic  current  is  certainly  of  considerable  service. 

In  plethoric  or  obese  women,  proper  regimen  with  emmenagogues, 
electricity,  counter-irritation  over  the  spinal  column  and  on  the  inner 
aspect  of  the  thighs  at  the  supposed  time  of  the  menses,  are  useful  in 
the  treatment  of  this  disorder.  Foot  baths  or  hot  sitz  baths  produce 
congestion  of  the  pelvic  organs  and  thus  may  establish  the  flow. 
Scarification  of  the  cervix  is  also  recommended. 

The  repeated  passage  of  the  uterine  sound,  dilatation,  curet- 
tage, intra-uterine  applications  of  tincture  of  iodine  or  of  a  solution 
of  creosote  in  glycerin,  1 : 5,  may  also  be  tried,  as  well  as  painting 
the  abdomen  and  cervix  with  tincture  of  iodine. 

In  cases  of  tuberculosis  or  other  wasting  diseases,  the  treatment 
of  amenorrhoea  naturally  is  that  of  the  disease  causing  the  arrest  of 
the  menses.  Emmenagogues,  drastics,  counter-irritation  on  the  lower 
limbs,  are  often  successful  in  the  relief  of  amenorrhoea  from  cold  or 
from  emotion ;  this  form  may  cease  spontaneously  under  the  influence 
of  a  new  emotion,  in  which  case  the  latter  acts  like  a  counter-irritant. 
In  acute  arrest  of  the  menses,  accompanied  as  it  often  is  by  an  elevation 
of  the  temperature,  the  tincture  of  aconite  given  in  the  dose  of  one 
drop  every  hour  will  be  found  of  service. 

Marital  intercourse  is  often  sufficient  to  bring  about  the  develop- 
ment of  the  genital  organs,  as  well  as  to  regulate  their  functions ;  and 
lastly,  there  are  certainly  a  number  of  cases  in  which  the  nervous 
element  predominates,  in  which  suggestion  seems  to  be  a  highly  effi- 
cacious method  of  treatment. 

The  physician  should  always  endeavor  to  bring  back  the  menstrual 
flux  to  the  natural  passages  by  the  means  which  we  have  enumerated, 
when  the  discharge  of  blood  takes  place  from  some  other  mucous 
membrane  or  from  the  skin.  The  amenorrhoea  depending  on  stenosis 
of  the  cervix  must  be  treated  surgically ;  forced'  dilatation  or  incision 
with  a  blunt-pointed  bistoury  or  metrotome  may  be  practised. 

Menorrliagia. 

Menorrhagia  is  an  excess  in  duration  and  in  quantity  of  the  men- 
strual  flux;  metrorrhagia  differs   from  it  only  in  that  it  occurs  at 
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irregular  intervals.  Now,  as  a  matter  of  fact,  the  normal  menstrua- 
tion varies  in  duration  from  two  to  nine  days;  consequent] 3-,  when 
we  think  of  such  an  enormous  difference  in  the  duration  of  the  flow 
in  the  normal  state,  it  is  necessary,  in  order  to  appreciate  a  trouble 
of  the  menstruation,  to  take  a  special  clinical  average  rather  than 
follow  a  rigorous  and  general  definition. 

Etiology  axd  Pathogenesis. 

In  the  true  sense  of  the  word,  there  is  no  essential  menorrhagia, 
the  condition  being  always  the  result  of  general  or  local  causes. 

General  Causes. — All  dyscrasie  affections,  such  as  scorbutus, 
purpura,  the  various  intoxications,  Bright's  disease,  Werlhof's 
disease,  etc. ;  diseases  which  produce  disturbances  in  the  circulation, 
such  as  affections  of  the  heart  itself,  of  the  liver,  or  of  the  kidneys, 
and  various  tumors. 

Scrofula  predisposes  the  mucosa  in  general,  and  the  endome- 
trium in  particular,  to  hyperplasia  and  transudations  of  blood. 

Some  of  the  pyrexias,  especially  the  exanthemata,  occurring  at 
about  the  time  of  the  menses,  increase  the  duration  of  the  flow  and 
the  amount  of  blood  lost.  The  metrostaxis,  called  by  Gubler  uterine 
epistaxis,  which  is  so  often  met  with  in  typhoid  fever,  may  be 
given  as  an  example. 

Plethora,  obesity,  chlorosis,  anaemia,  tuberculosis,  and  many  other 
troubles  produce,  according  to  the  case,  menorrhagia  which  may 
alternate  with  ameuorrhoea. 

Menorrhagia  has  also  been  observed  to  occur  from  lactation, 
fatigue,  emotions,  or,  outside  of  all  local  affections,  on  the  arrival 
of  puberty  or  at  the  first  sexual  connection. 

Local  Causes. — The  uterine  or  peri-uterine  diseases  taken  alto- 
gether have  menorrhagia  or  metrorrhagia  as  a  nearly  constant  symp- 
tom. "VMiether  it  be  the  reflex  action  from  venous  stasis,  or  a  patho- 
logical condition  of  the  endometrium,  we  think  that  it  is  safe  to  say 
that  about  two-thirds  of  the  cases  suffering  from  menoiThagia  or  me- 
trorrhagia are  due  to  a  diseased  condition  of  the  uterine  mucosa. 

Besides  the  lesions  of  the  endometrium,  there  may  be  metror- 
rhagia from  the  diseases  of  the  tubes  and  ovaries.  The  three  organs, 
uterus,  ovaries,  and  tubes,  should  be  taken  as  a  group,  because  when 
blood  flows  from  the  uterus  it  is  in  many  cases  difficult  to  know 
exactly  what  may  be  the  source. 

Ulcerations  of  the  cervix  bleed  easily  when  touched  with  the 
finger,  or  by  the  male  organ  during  coitus.  The  hemorrhage  is  spon- 
taneous when  there  is  an  epithelioma ;  but  in  these  cases  it  is  slow, 
prolonged,  and  not  very  abundant,  and  the  fluid  is  thin. 
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In  passing,  we  would  remark  that  the  vulva  or  vagina  may  present 
som^e  pathological  condition  which  may  give  rise  to  hemorrhage,  such 
as  tuberculous  or  cancerous  ulceration,  or  the  rupture  of  a  varicose 
veiD. 

The  four  j^rincipal  causes  of  monorrhagia  or  metrorrhagia,  which 
are  to  be  found  in  the  corpus  uteri,  are  metritis,  fibroma,  cancer,  and 
sarcoma.  Cancer  and  sarcoma  of  the  corpus  are  rare  as  primary 
affections;  when  secondary,  they  occasion  watery  hemorrhages, 
small  in  quantity.  Fibroids  situated  in  the  walls  of  the  uterus  and 
which  tend  to  progress  toward  the  interior  of  the  uterine  cavity,  are 
the  cause  of  abundant  and  prolonged  hemorrhages. 

In  hemorrhagic  metritis  the  inflammation  of  the  mucosa  is  inter- 
stitial or  mixed,  both  glandular  and  interstitial,  but  with  the  pre- 
dominance of  lesions  in  the  stroma.  The  purely  interstitial  form  is 
found  in  the  aged,  while  in  young  women  the  lesions  of  the  stroma 
predominate,  and  the  glands  do  not  completely  disappear.  There  is 
a  great  vascular  proliferation  in  the  hemorrhagic  form.  The  newly 
formed  vessels,  which  are  only  capillary,  are  irregular  and  of 
relatively  large  calibre.  They  are  seated  very  superficially  at  the 
surface  of  the  endometrium,  while  the  greater  part  of  the  cul-de- 
sac  is  situated  below  them.  The  hemorrhages  are  thus  accounted 
for  by  the  considerable  number  of  vessels  so  superficially  seated,  and 
consequently  the  characteristic  lesions  of  the  hemorrhagic  metritis 
are  the  marked  changes  in  the  stroma.  We  will  also  add  that  this 
disease  is  not  due  to  infection,  but  may  have  for  its  starting-point  a 
small  particle  of  retained  membrane,  and  from  this  centre  the  endo- 
metrium becomes  involved. 

Simple  hypertrophic  metritis  may  also  give  rise  to  hemorrhage, 
especially  when  the  so-called  mucous  polyps  are  present. 

The  diseases  of  the  tubes,  either  in  themselves  or  by  the  conges- 
tion that  they  cause  in  the  uterus,  may  bring  about  hemorrhages 
from  the  genital  tact.  The  part  they  play  in  this  instance,  however, 
is  as  yet  only  imperfectly  *kn own. 

The  influence  of  the  ovaries  is  more  definite  and  precise.  Their 
activity  is  probably,  at  least  in  part,  the  source  of  the  menstrual 
hemorrhage,  while  their  excessive  activity  increases  the  flow  of 
blood  and  produces  a  pathological  condition.  The  source  of  the 
blood  is  in  general  the  endometrium  itself,  as  we  have  already 
seen,  but  the  ovary  acts  upon  the  latter  by  reflex  action.  Conse- 
quently, when  a  woman  is  subject  to  metrorrhagia,  the  cause  of 
which  we  cannot  determine,  and  the  flow  of  blood  is  difficult  to 
control  by  the  various  therapeutical  sources,  especially  curettage, 
the  physician  should  never  neglect  a  careful   examination  of  the 
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ovaries.  Inflammation,  prolapsus,  compression,  or  degeneration  of 
these  organs  is  often  the  cause  of  the  hemorrhage,  and  in  serious 
cases  the  removal  of  one  or  both  glands  is  sometimes  the  oul\'  remedy 
which  will  really  control  the  loss  of  blood.  Pozzi  certainly  deserves  the 
credit  of  having  i)erformed  partial  resection  and  iguii)uncture  of  the 
ovaries  in  cases  of  microcy  stic  degeneration ;  and  in  many  of  his  cases, 
numbering  in  all  some  eighty  or  ninety,  in  which  he  has  performed 
this  operation,  leaving  perhaps  only  a  bit  of  normal  ovarian  tissue, 
pregnancy  has  been  the  result.  In  removal  of  the  ovaries,  if  this 
operation  should  be  resorted  to,  esijecially  when  they  are  prolapsed 
and  easily  reached  with  the  exploring  finger  in  the  vagina,  anterior  or 
posterior  colpotomy  is  often  an  excellent  method  to  adopt  for  reaching 
the  diseased  organs.  At  the  time  of  the  beginning  of  menstruation, 
but  especially  at  the  menopause,  hemorrhages  are  often  seen  to 
occur.  These  metrorrhagias,  which  are  infrequent  and  of  only  slight 
gravity  when  they  occur  at  puberty,  are  frequent,  serious,  and  very 
obstinate  where  they  occur  at  the  menopause.  In  fact,  they  resist 
about  all  the  methods  of  treatment  that  have  been  devised  for  their 
cure.  In  all  such  cases  there  should  be  the  gravest  suspicion  of 
malignant  degeneration  of  the  uterus,  and  local  examination,  with 
curettage  and  microscopical  diagnosis,  is  imperatively  indicated. 

Metrorrhagia  may  also  occur  during  pregnancy,  and  then  it  is 
often  due  to  some  lesion  of  the  uterus  which  we  have  mentioned 
above ;  but  more  frequently  the  flux  is  due  either  to  the  return  of  the 
menses — in  which  case  it  is  in  about  the  same  quantity  as  normal 
menstruation — or  to  the  detachment  of  a  normally  implanted  placenta 
or  of  a  placenta  prgevia.  In  this  case  miscarriage  is  always  to  be 
feared.  When  a  hemorrhage  occurs  after  an  amenorrhoea  of  some 
months'  duration,  the  possibility  of  pregnancy  should  be  considered, 
and  if  this  is  the  case,  the  physician  is,  in  all  probability,  in  the  pres- 
ence of  a  threatened  miscarriage.  The  diagnosis  is  ordinarily  very 
easy  in  the  second  half  of  pregnancy,  but  in  the  first  four  months  it 
is  often  very  difficult  to  come  to  a  decision. 

Among  the  pathological  conditions  of  pregnancy  which  are  sus- 
ceptible of  producing  hemorrhage,  extra-uterine  pregnancy,  placenta 
prsevia,  and  hydatidiform  mole  are  to  be  particularly  mentioned. 
These  hemorrhages,  as  well  as  those  occurring  during  labor  or  post 
partum,  are  in  the  domain  of  obstetrics,  and  we  will  not  treat  of 
them  here. 

Symptoms. 

The  symptoms  of  menorrhagia  are  as  follows :  The  blood,  which  is 
more  abundantly  excreted,  coagulates  more  easily  and  the  expulsion 
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of  the  clots  provokes,  colic.  The  duration  and  the  quantity  of  the 
flux  are  extremely  variable  in  different  subjects,  and  in  the  same  sub- 
ject at  different  times.  It  may  even  form  in  itself  a  real  pathologi- 
cal condition,  ultimately  resulting  in  anaemia  with  all  its  conse- 
quences, all  the  more  so  when  it  is  associated  with  metrorrhagic 
symptoms.  On  the  contrary,  it  acts  like  a  favorable  bleeding  when  it 
occurs  in  plethoric  females  or  those  suffering  from  a  cardiac  lesion. 

There  is  no  pathological  anatomy  proper  to  menorrhagia.  In 
each  particular  case,  the  existing  lesions  of  the  affection  which  is  the 
cause  of  the  hemorrhage  are  alone  to  be  considered;  but,  as  we  have 
said,  in  a  large  proportion  of  cases  some  form  of  endometritis  exists. 

Prognosis. 

The  prognosis  depends  on  the  affection  which  is  the  cause  of  the 
menorrhagia.  However,  it  must  not  be  forgotten  that  menorrhagia 
aggravates  some  of  the  diseases  which  give  rise  to  it,  such  as  chlo- 
rosis, and  anaemia;  and  still  more,  it  diminishes  the  aptitude  of 
fecundation,  and  is  certainly  a  prominent  cause  of  miscarriage. 

Diagnosis. 

There  is  really  menorrhagia  only  when  the  flow  of  blood  acts  in  a 
bad  way  on  the  health  of  the  patient,  and  when  it  occurs  periodically. 
When  menorrhagia  is  associated  with  metrorrhagia,  the  patients  often 
are  no  longer  able  to  keep  run  of  the  date  on  which  their  menstrua- 
tion proper  should  occur,  as  is  often  the  case  in  hemorrhagic  metritis. 

The  diagnosis,  as  a  matter  of  course,  should  be,  before  all,  etio- 
logical. It  is  the  uterus  which  should  first  be  examined,  and  as  we 
haye  said,  in  the  great  majority  of  cases  this  organ,  or  the  adnexa, 
will  be  found  in  a  pathological  condition  which  will  sufficiently  ex- 
plain the  menorrhagia.  If  the  local  examination  shows  no  lesions, 
the  general  condition  should  be  looked  into,  and  all  the  viscera 
should  be  carefully  explored  in  order  to  ascertain  the  disease 
which  is  probably  present. 

Treatment. 

The  immediate  treatment  of  menorrhagia  or  metrorrhagia  has  for 
its  object  to  combat  the  immediate  or  near  danger  of  an  excessive  loss 
of  blood.  In  order  to  obtain  this,  absolute  rest  in  bed  is  indicated, 
the  patient  lying  on  the  back  with  the  head  low,  and  the  foot  of  the 
bed  raised;  cold  vaginal  irrigation,  which  must  always  be  a  con- 
tinued flow,  or  what  is  perhaps  better,  a  hot-water  irrigation  at  the 
temperature  of  from  40°  to  48°  C,  prolonged  and  repeated,  with 
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the  addition  of  perchloride  of  iron,  if  necessary,  should  be  ordered. 
The  application  to  the  abdomen  of  a  bladder  filled  with  chopped  ice 
is  also  effective.  Ergot,  or  one  of  its  derivatives,  given  by  the  mouth 
or  by  subcutaneous  injection,  acts  well.  The  following  formula  is 
an  example  of  a  good  prescription  to  be  given  in  metrorrhagia : 

^  Ergotini, 

Quiniua)  sulph.,  .........   a,a4.0 

Ext.  hyoscyami, 

Pulv.  digital,  fol., aa  0.40 

M.  f.  pil  No.  xl.     S.  Take  from  five  to  ten  pills  daily. 

An  infusion  of  digitalis,  10  cgm.  to  1  litre  of  water,  to  be  taken  in 
twenty -four  hours,  is  also,  according  to  Gallard,  an  excellent  means 
of  arresting  the  flux.  Among  other  drugs  which  are  in  vogue  may 
be  mentioned  the  fluid  extract  of  hydrastis  canadensis,  antipyrin, 
and  perchloride  of  iron. 

If  dysmenorrhoea  accompanies  the  menorrhagia,  the  hydrastis 
combined  with  viburnum  will  be  found  a  valuable  combination,  the 
following  formula  being  given  as  an  example : 

IJ  Ext.  fluid,  hydrastis  canad., 

Ext.  fluid,  viburn.  prunifol.,       ..:....  aa  15.0 
M.     S.  Ten  drops  every  two  hours  in  a  little  sugar  and  water. 

If  these  means  are  insufficient  to  arrest  the  flow,  an  antiseptic 
and  methodical  tamponnade  of  the  vagina  should  be  practised. 

The  technique  of  the  tamponnade  is  as  follows :  A  band  of  iodo- 
form or  europhen  gauze  prepared  for  the  special  purpose  should  be 
selected ;  but  simple  cheesecloth  which  has  been  rendered  aseptic  by 
boiling  in  a  one-per-cent.  solution  of  bicarbonate  of  sodium  may  be 
used  if  the  iodoform  gauze  is  not  at  hand.  The  patient  is  placed  on 
the  edge  of  the  bed  with  the  thighs  drawn  well  on  to  the  abdomen, 
and  a  bivalve  speculum  is  introduced.  If  it  is  necessary  to  perform 
an  intra-uterine  tamponnade  as  well,  the  cervix  should  be  seized 
with  a  stout  pair  of  bullet  forceps,  which  are  given  to  an  assistant  to 
hold.  The  end  of  the  strip  of  gauze  is  taken  in  the  grasp  of  a  long 
slender  forceps  made  for  the  purpose  of  intra-uterine  dressings,  and 
the  gauze  is  thus  carried  up  to  the  fundus  iu  the  uterus.  The  insti'u- 
ment  is  then  unlocked  and  withdrawn,  and  more  of  the  gauze  is  seized 
below  and  pushed  into  the  cavitj*.  This  manoeuvre  is  repeated  until 
the  interior  of  the  uterus  is  solidly  packed.  After  the  intra-uterine 
packing,  the  vagina  should  be  well  filled  with  packing  in  its  turn. 

The  technique  of  vaginal  tamponnade  is  the  same  as  for  the 
intra-uterine.  The  vagina  should  be  filled  from  within  outward, 
beginning  in  the  culs-de-sac,  and  enough  gauze  should  be  inserted  to 
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tightly  fill  it,  including  all  the  corners  and  folds.     In  order  to  ac- 
complish this,  three  or  four  yards  of  gauze  will  be  necessary. 

The  gauze  should  be  left  iu  place  from  twenty-four  to  thirty-six 
hours  if  it  was  thoroughly  aseptic  when  it  was  introduced.  While  it 
is  in  place,  the  function  of  the  bladder  should  be  carefully  watched, 
because,  frequently,  retention  of  urine  is  caused  by  the  pressure  of 
the  vaginal  packing  on  the  bladder;  in  such  case  the  urine  should 
be  drawn  with  a  glass  catheter  every  six  hours.  The  physician  may 
often  be  surprised,  when  about  to  introduce  the  gauze,  to  find  that  he 
is  dealing  with  a  pedunculated  polypus  which  has  already  made  its 
way  through  the  os ;  but  he  may  find  that  there  is  a  carcinomatous 
degeneration  of  the  cervix  which  is  the  cause  of  the  hemorrhage.  If 
he  is  in  the  presence  of  a  polypus,  it  is  natural,  in  order  to  check  the . 
hemorrhage,  that  he  should  proceed  at  once  with  the  removal  of  the 
growth,  in  the  manner  described  below. 

If  it  be  a  carcinomatous  degeneration  of  the  cervix  in  the  begin- 
ning, the  physician  should  lose  no  time  in  performing  vaginal  hys- 
terectomj^  a  description  of  the  technique  of  which  would  be  out  of 
place  in  this  article.  The  malignant  neoplasm  is  inoperable,  if  it 
has  already  invaded  the  vaginal  culs-de-sac,  or  if  by  a  careful  bi- 
manual palpation  the  broad  ligaments  are  found  thickened  and  hard 
to  the  touch.  These  two  signs  are  valuable  as  contra-indications 
to  a  radical  operation  for  the  removal  of  the  diseased  uterus,  be- 
cause when  the  broad  ligaments  are  found  thickened  in  connection 
with  a  cancer  of  the  cervix,  this  would  imply  that  other  lymphatics 
are  already  invaded,  and  consequently  hysterectomy  would  prove  of 
no  value. 

The  palliative  treatment  for  a  hemorrhage  occurring  in  cancer  of 
the  uterus  is,  first,  a  thorough  and  careful  removal  with  the  sharp 
spoon,  followed  by  thermo-cauterization,  of  the  growth  from  the* 
cervix  and  also  from  the  vagina,  if  it  has  invaded  the  latter.  A  very 
excellent  preparation  which  we  have  seen  employed,  and  which  we 
have  employed  ourselves  with  the  greatest  success  as  a  local  applica- 
tion for  uterine  cancer,  is  equal  parts  of  terebene  and  olive  oil.  This 
should  be  applied  to  the  parts  on  a  tampon  soaked  in  it,  the  tampons 
being  changed  daily.  The  effect  of  the  treatment  on  the  growth  is 
really  remarkable.  The  odor  and  the  hemorrhage  disappear  in  a 
most  wonderful  manner,  and  in  some  cases  we  have  seen  healthy 
granulations  spring  up  where  the  growth  had  formerly  existed.  Un- 
fortunately, like  all  other  remedies  for  cancer,  it  is  only  palliative, 
yet  we  wish  most  highly  to  commend  it  in  this  terrible  disease. 

In  cases  of  adenoma  or  carcinoma  of  the  body  of  the  uterus,  the 
use  of  the  curette  followed  by  packing  with  iodoform  gauze  will  con- 
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trol  the  hemorrhage  and  give  an  opportunity  for  microscopic  diag- 
nosis if  necessary.  Hysterectomy  should  be  jjerformed  as  soon  as 
practicable. 

In  cases  of  submucous  fibroids,  which  are  the  frequent  cause  of 
menorrhagia  or  metrorrhagia  on  account  of  their  action  on  the  endo- 
metrium, which  is  the  source  of  the  flow  of  blood,  the  uteras  should 
be  diluted  either  with  Hegar  graduated  sounds  or  with  steel  dilators, 
When  dilatation  is  sufficient  for  the  introduction  of  the  index  finger, 
the  uterine  cavity  may  be  explored,  never  forgetting  complete  asepsis, 
and  the  growth  may  be  removed  by  VuUiet's  method — by  making  an 
incision  in  the  long  axis  of  the  tumor  down  to  its  capsule,  tampon- 
ning  the  uterine  cavit}^  and  changing  the  dressings  daily.  Adminis- 
tering ergotin  internally  will  produce  expulsive  efforts  on  the  part  of 
the  uterus,  and  in  the  majority  of  cases  the  fibroid  will  be  elimin- 
ated through  the  cervix  in  a  comparatively  short  time.  If  this  op- 
eration is  resorted  to,  it  must  only  be  under  the  most  rigorous  asep- 
sis, because  if  the  uterine  cavity  becomes  infected  the  growth  will 
become  so  too.  It  will  then  become  gangrenous,  and  septicsemic  in- 
toxication will  carry  off  the  patient.  In  this  country  most  surgeons 
would  prefer  to  perform  hysterectomy  rather  than  to  take  the  chances 
involved  in  the  conservative  but  rather  uncertain  method,  just  de- 
scribed, for  eliminating  a  submucous  fibroid,  although  in  certain 
cases  where  conditions  are  favorable  the  latter  is  of  unquestioned 
value. 

In  very  serious  menorrhagia  which  cannot  be  controlled  by  any  of 
the  above  methods,  no  matter  what  may  be  its  cause,  it  is  proper  to 
ligate  the  uterine  arteries,  reaching  them  by  incisions  on  each  side 
of  the  cervix;  or  if  time  presses,  bj^  a  needle  passed  through  the 
mucous  membrane  in  such  a  manner  as  to  include  the  artery. 

It  is  only  exceptionally,  and  after  failure  with  all  the  means  that 
we  have  indicated  above,  that  we  think  vaginal  hysterectomy^  or  cas- 
tration, should  be  performed,  unless  the  former  be  indicated  for  the 
removal  of  a  carcinoma. 

There  is,  however,  one  disease  which  has  menorrhagia  as  a 
prominent  symptom,  in  which  vaginal  hysterectomy  should  be  per- 
formed with  the  shortest  possible  delay  in  order  to  save  the  patient, 
and  that  is,  the  so-called  hemorrhagic  metritis  of  old  women.  This 
form  of  metritis  is  really  an  adenomatous  change  of  the  endometrium, 
and  if  the  uterus  be  not  entirely  removed  death  is  sure  to  result  from 
subsequent  carcinomatous  degeneration. 
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Dysmenorrlioea. 

The  word  dysmenorrlioea  signifies  painful  menstruation,  and  may 
be  applied  in  a  general  manner  to  tliose  cases  in  whicli  the  ordinary 
discomforts  of  menstruation  take  on  a  pathological  intensity. 

Etiology  and  Pathogenesis. 

Our  knowledge  regarding  the  physiology  of  normal  menstruation 
allows  us  to  make  only  various  hypotheses  regarding  the  intimate 
mechanism  of  certain  types  of  dysmenorrhoea;  such  is  the  case  with 
those  which  have  their  origin  outside  of  the  uterus,  either  from  lesions 
of  the  adnexa  or  from  general  diseases.  Others,  on  the  contrary,  are 
easily  explained  by  a  diseased  condition  of  the  uterus ;  consequently 
the  older  divisions,  which  are  certainly  more  or  less  confusing,  may 
be  simplified  without  taking  into  consideration  the  pathogenic  mech- 
anism, and  three  clinical  varieties  of  dysmenorrhoea  may  be  admitted, 
namely:  1.  Dysmenorrhoea  from  diseased  adnexa;  2.  Uterine  dys- 
menorrhoea; 3.  Dysmenorrhoea  from  general  disease.  These  three 
varieties  are  very  often  associated. 

"We  will  first  speak  of  the  dysmenorrhoea  from  lesions  of  the 
ovaries.  Delay  in  the  development  of  the  ovaries  or  an  inequality 
between  the  evolution  of  the  uterus  and  the  adnexa ;  all  diseases  of 
the  ovaries  and  tubes ;  other  inflammation,  be  it  either  recent  or  old, 
of  the  pelvic  peritoneum,  such  as  periovaritis  or  perisalpingitis, 
through  the  secondary  influence  that  it  exercises  on  these  organs; 
pelvic  varicocele ;  neoplasms  and  tumefactions  in  the  neighborhood  of 
the  uterus — all  these  causes,  by  the  disturbances  that  they  give  rise 
to  in  regular  ovulation  either  directly  or  secondarily,  produce  an  ex- 
aggeration of  the  sensitiveness  of  the  ovary  or  of  the  uterus,  and 
consequently  result  in  the  production  of  dysmenorrhoea. 

Diseases  of  the  tubes,  though  forming  a  less  important  etiologi- 
cal element  of  dysmenorrhoea,  are  liable  to  produce  it.  Catarrhal  or 
parenchymatous  salpingitis  plays  a  certain  part  in  the  production 
of  menstrual  pain,  either  by  the  irritation  that  it  produces  in  the 
uterine  or  reflex  action,  or  by  the  painful  contractions  of  which  the 
tubes  may  be  the  seat,  and  which  is  known  as  salpingitic  colic,  long 
since  recognized  as  the  colica  scoriorum. 

Besides  the  ovary  and  the  tube,  a  disease  of  the  perimetrium, 
such  as  a  phlegmon,  a  neoplasm,  a  hemorrhagic  or  purulent  focus, 
which  compresses  and  displaces  the  genital  organs,  may  be  a  potent 
cause  of  dysmenorrhoea. 
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Uterine  dysmenorrlioea  is  usually  what  may  be  termed  obstructive 
or  mechanical  dysmenorrhoea.  It  is  dependent  on  a  temporary  or 
intermittent  obstacle  to  the  flow  of  blood,  the  spasm  of  the  internal 
orilice  (spasmodic  dysmenorrhoea  of  Matthews  Duncan) ;  congenital 
or  acquired  stenosis  due  to  an  excess  in  cauterization  of  the  cervix  or 
to  tumors  such  as  fibroids  or  intra-uterine  polypi,  especially  when 
seated  in  the  neighborhood  of  the  internal  os;  the  displacements, 
.especially  flexion  and  more  particularly'  anteflexion,  found  associated 
with  an  incomplete  development  of  the  organ,  as  well  as  with  steno- 
sis of  the  cervix  and  hyper?esthesia  of  the  mucosa — all  these  are 
potent  factors  in  the  production  of  dysmenorrhoea. 

Uterine  dysmenorrhoea  may  also  be  due  to  the  various  forms  of 
metritis  with  either  hypertrophy  of  the  endometrium  and  super- 
abundant exudation  of  blood,  or  loss  of  elasticity  of  the  uterine 
tissues  and  the  compression  of  the  nerve  endings  which  are  the  re- 
sult of  sclerotic  atrophy  of  the  uterus. 

All  the  above-mentioned  causes  act  by  diminishing  the  calibre  of 
the  uterine  and  cervical  cavities,  or  by.  producing  a  certain  afflux  of 
blood  the  quantity  of  which  is  very  much  larger  than  can  possibly 
pass  through  the  utero-cervical  canal,  which  is  not  wholly  normal. 
Both  these  mechanisms  often  go  hand-in-hand  in  the  same  way  as 
often  do  the  lesions  on  which  they  depend. 

Regarding  dysmenorrhoea  from  a  general  cause,  all  that  is  neces- 
sary for  us  to  say  is  that  any  general  disease  which  is  capable  of  pro- 
ducing amenorrhoea  may  give  place  to  dysmenorrhoea  hy  various 
similar  mechanisms. 

There  is  one  variety  of  dysmenorrhoea  which  should  particularly 
call  for  our  attention  in  this  chapter,  g-nd  that  is  membranous,  or, 
better,  pseudo-membranous,  dysmenorrhoea.  This  is  characterized  by 
the  throwing-off  of  a  membrane  from  the  uterine  cavity.  Many 
writers  have  endeavored  to  give  to  this  form  of  dysmenorrhoea  an 
individuality  of  its  own,  because  the  pains  of  menstruation  are  ac- 
companied by  the  expulsion  of  false  membranes.  But  these  false 
membranes  are  only  one  of  the  symptoms  of  dysmenorrhoea;  conse- 
quently there  is  no  sufficient  reason  for  classing  this  pseudo-mem- 
branous form  apart  from  the  other  kinds  of  dysmenorrhoea,  which 
should  be  a  unity,  and  the  various  forms  which  have  been  mentioned 
above,  such  as  ovarian  and  uterine  dysmenorrhoea,  are  simply  etio- 
logical or  symptomatic  details,  which  in  practice  are  really  of  no 
value.     This  subject  will  be  considered  later  more  in  detail. 

The  pain  of  dysmenorrhoea  is  very  similar  to  miniature  labor 
pains ;  this  is  easily  explained  because  in  both  cases  the  pains  are 
produced  by  uterine  contractions.  During  a  number  of  hours  preced- 
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ing  the  appearance  of  blood,  and  during  tlie  flow,  the  patients  suf- 
fer from  intermittent  attacks  of  pain  in  the  lumbar  and  hypogastric 
regions,  as  well  as  from  a  sense  of  fulness  and  tension  low  down  in 
the  pelvis.  These  pains  are  often  quite  sufficient  to  oblige  the  pa- 
tient to  remain  absolutely  quiet  in  her  bed  or  in  an  easy-chair,  be- 
cause the  slightest  movement  exasperates  the  sufferings.  The  pain 
may  be  so  severe  that  sleep  is  impossible ;  the  abdomen  is  tense ; 
meteorism  is  present,  and  palpation  is  sometimes  so  painful  that  in 
certain  women  it  may  produce  syncope. 

In  dysmenorrhoea  produced  by  a  lesion  in  the  adnexa,  the  pain 
will  usually  be  present  several  days  before  the  appearance  of  the  flow, 
and  will  stop  or  be  less  intense  as  soon  as  the  former  is  established. 
Its  seat  is  especially  low  down  in  the  pelvis,  principally  over  the 
region  of  the  ovaries,  from  which  it  radiates  in  all  directions.  Its 
characteristics  proper  are  confounded  with  those  of  peri-uterine 
lesions  which  usually  accompany  those  of  the  adnesa. 

When  the  dysmenorrhoea  has  a  mechanical  cause,  the  pains  are 
sharp,  intermittent,  and  colicky,  or  more  often  they  are  continuous 
with  exacerbations,  and  may  be  so  intense  that  sometimes  the  patient 
rolls  on  the  ground  in  agony.  These  colics  often  begin  before  the 
appearance  of  the  flow  and  then  stop,  or  they  may  continue  for  one 
or  two  days,  sometimes  even  during  the  entire  length  of  the  menses. 
They  may  progressively  increase-  in  intensity  according  to  whether 
there  is  an  abundant  transudation  or  a  retention  of  the  blood. 

Apyrexia  is  complete,  excepting  when  existing  peri-uterine  lesions 
undergo  temporary  inflammation.  The  flow  is  very  difficult,  the  blood 
coming  away  drop  by  drop,  or  containing  clots  which  are  expelled 
after  a  colic.  The  flow  may  also  stop  for  several  hours,  or  a  whole 
day  and  then  recommence.  The  entire  duration  of  the  menses  may 
be  prolonged  or  considerably  abridged. 

According  to  the  individual,  the  pains  are  more  intense  either  be- 
fore the  appearance  of  the  flux  or  during  its  presence.  They  become 
usually  more  calm  toward  the  end  of  the  menstruation. 

The  pains  are  not  always  localized  in  the  abdomen  and  in  the 
domain  of  the  lumbo-abdominal  nerves,  but  they  may  shoot  down  the 
thigh  following  the  track  of  the  sciatic  or  the  crural  nerves,  and  in- 
tercostal neuralgia  is  not  rare.  Facial  neuralgia  and  migraine  are 
not  infrequent.  As  in  amenorrhoea,  there  may  be  severe  nervous  re- 
flex or  psychical  pains  which  are  either  temporary,  such  as  convul- 
sive, hysterical,  or  epileptoid  attacks,  nausea,  vomiting,  etc.,  or  per- 
manent affections,  such  as  sensorial  troubles,  various  forms  of 
paresis,  hypochondria,  and  even  insanity  in  those  who  are  predis- 
posed.    Hysteria,  which  is  a  frequent  complication  of  dysmenorrhoea, 
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may  also  develop  under  the  influence  of  the  latter.  As  in  amenor- 
rhoea,  sanguineous  transudations  may  be  observed. 

Regarding  the  nature  of  the  flux,  it  may  be  said  that  the  blood 
of  the  menses  is  sometimes  only  slightly  colored  and  mixed  with  a 
varying  quantity  of  mucus.  Sometimes*  it  is  black  and  mixed  with 
numerous  clots ;  at  other  times  it  may  have  the  normal  color  of  men- 
stnial  blood,  the  quantity  being  increased  or  diminished. 

The  flow  may  be  insignificant  and  sometimes  Jiil,  so  that  the 
physician  may  find  himself  in  the  presence  of  amenorrhoea  and  dys- 
menorrhoea  in  the  same  patient.  Dysmenorrhoea  is  consequently 
sometimes  accompanied  with  either  metrorrhagia  or  amenorrhoea. 

If  the  blood  from  a  patient  suffering  from  dysmenorrhoea  be  col- 
lected and  examined,  pseudo-membranes  will  sometimes  be  found. 
These  membranes  are  made  up  sometimes  of  a  simple  fibrinous  clot 
representing  a  real  cast  of  the  uterine  cavity ;  at  other  times  the  en- 
tire endometrium  will  be  found  detached,  thus  forming  a  pure  non- 
puerperal decidua.  These  membranes  should  be  distinguished  from 
those  furnished  by  an  abortion  occurring  during  the  first  few  weeks 
of  pregnancy. 

The  following  comparative  tables  borrowed  from  Auvard  may  be 
found  of  value  in  making  the  differential  diagnosis : 

Meynbranes  in  Miscarriage.  Membi'anes  in  DysmenarrJuBa. 

Considerable  thickness.  Much  less  thick. 

Great  vascular  richness.  Slightly  vascularized. 

Chorial  villosities  distinctly  visible  when    No  villosities  ;  nevertheless,  under  water 
the  piece  is  placed  in  water.  inequalities   may  be  [shown,  but   they 

'  are  much  shorter  and  much  less  luxuri- 

ant than  true  villosities. 
The  presence  of  the  ovum,  when  it  can   Ovum  wanting. 

be  found. 
Pavement  epithelium.  Prismatic  epithelium. 

The  distinction  that  it  is  possible  to  make  between  the  debris 
of  miscan-iage  and  that  of  dysmenorrhoea  will  indicate  that  the 
physician  is  not  dealing  with  a  patient  suffering  from  repeated  mis- 
carriage, as  some  authors  have  pretended,  when  in  reality  it  is  a 
dysmenorrhoea  (Auvard).  For  that  matter,  the  regularity  in  the 
appearance  of  the  menses  and  the  possible  occurrence  of  the  dys- 
menorrhcea  in  virgins  or  celibates  render  this  opinion  inadmissible. 

Marriage  will  often  cause  dysmenorrhoea  to  disappear  when  it  is 
due  to  tardy  development  of  the  sexual  organs ;  while,  on  the  other 
hand,  it  will  aggravate  this  menstrual  disorder  if  it  is  dependent 
upon  uterine  or  peri-uterine  lesions. 

In  cases  of  dysmenorrhoea  sterility  is  exti'emely  frequent.     Ac- 
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cording  to  Sims,  about  half  tlie  women  affected  never  conceive,  and  a 
great  number  of  the  organic  lesions  which  produce  this  menstrual 
disorder  will  give  rise  to  miscarriage. 

Diagnosis. 

Lumbo-abdominal  neuralgia  with  a  painful  point  over  the  uterus, 
which  is  exasperated  by  the  congestion  of  the  organs  during  the 
menses,  is  about  the  only  disease  which  might  be  mistaken  for  true 
dysmenorrhoea,  and  the  diagnosis  should  be  made  between  the  periods 
by  discovering  the  painful  points,  notably  that  which  has  for  its  seat 
the  junction  of  the  corpus  with  the  cervix  uteri. 

It  is  often  possible  to  distinguish  whether  the  dysmenorrhoea  is 
due  to  a  lesion  of  the  appendages  or  of  the  uterus.  In  the  first  hy- 
pothesis, it  is  infrequent  that  the  physician  will  not  find  in  the  in- 
terval of  the  menses  pelvic  pains  and  physical  signs  of  an  old, 
chronic  pelviperitonitis  or  an  ovarosalpingitis ;  and  still  more,  the 
pains  of  dysmenorrhoea  are  more  precocious  in  their  relation  to  the 
period  and  have  a  localization  and  a  type  which  are  characteristic. 

In  the  second  case,  the  uterine  colic  is  quite  characteristic.  The 
pains  only  appear  with  any  degree  of  severity  at  the  time  of  the 
menses  and  are  usually  entirely  absent  during  the  interval.  Direct 
examination  will  allow  the  physician  to  recognize  the  nature  of  the 
obstacle  which  prevents  the  easy  flow  of  blood  in  the  vast  majority  of 
cases.  The  pains  may  be  so  severe  as  to  render  the  woman  very 
low-spirited,  and  she  may  desire  quiet  and  solitude.  While  the 
pains  are  at  their  greatest  intensity  the  appetite  is  diminished  or 
suppressed,  the  tongue  becomes  coated,  and  the  breath  has  a  dis- 
agreeable odor ;  often  the  patient  has  nausea  or  even  vomiting. 

Tenesmus  of  the  anus  or  of  the  bladder  is  occasionally  met  with, 
and  certain  women  subject  to  dysmenorrhoea  have  diarrhoea  at  each 
menstrual  period,  which  often  then  takes  the  place  of  the  habitual 
constipation.  Sometimes  the  abdomen  is  so  painful  that  the  affec- 
tion might  be  taken  for  the  commencement  of  a  general  or  a  pelvic 
peritonitis ;  but  the  pulse  remains  steady  and  strong  and  the  temper- 
ature is  normal.  These  two  elements  are  a  very  great  help  in  the 
diagnosis  of  doubtful  cases. 

If  there  is  complete  integrity  of  the  genital  apparatus,  the  general 
health  and  the  antecedents  of  the  patient  should  be  carefully  gone 
over  and  ascertained  in  order  to  discover  the  cause  of  the  menstrual 
trouble. 

Treatment. 

At  the  moment  of  the  menses,  the  painful  manifestations  com- 
plained of  by  the  patient  may  be  treated  with  hot  poultices  to  the 
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abdomen;  a  rectal  enema  containing  laudanum,  or  the  bromides, 
may  be  prescribed.  The  tinctures  of  cannabis  indica  and  of  vibur- 
num prunifolium  also  have  their  advocates.  In  cases  of  dysmenor- 
rhcea  complicated  with  menorrhagia,  the  formula  already  given  con- 
taining hydrastis  and  viburnum  will  be  found  of  service. 

Enemas  containing  chloral  and  the  tinctures  of  valerian,  of  musk, 
or  of  asafoetida  may  also  be  tried  with  success.  In  well-developed 
non-an?emic  women,  when  there  is  no  inflammatory^  process  present, 
viburnum  prunifolium  is  especially  indicated.  Morijhine,  either  by 
the  stomach  or  subcutaneously,  is  to  be  most  strongly  condemned  in 
this  affection,  and  we  should  advise  instead  of  it  belladonna  com- 
bined with  cannabis  indica,  as  recommended  by  Farlow  in  the  fol- 
lowing prescription : 

ij  Ext.  belladonnse, 

Ext.  cannabis  indica,     .        .        .        .        .        .         .  aa  0.2 

01.  theobrom.,       .         .         .         .         ,        .        .         .  q.s. 

M.  ft.   Supposit.  No.  X.     S.  Insert  one  suppository  every  night  and  morn- 
ing, if  necessary. 

Antipyrin,  according  to  some  authors,  should  be  administered 
only  in  those  cases  in  which  the  dysmenorrhcea  is  complicated  with 
menorrhagia.  However,  we  have  seen  excellent  results  come  from 
the  daily  administration  of  from  2  to  4  gm.  of  this  drug  in  cases  of 
the  membranous  form  of  the  disorder.  Antipyrin  may  be  prescribed 
alone  or  combined  with  the  bromides.  The  following  formula  repre- 
sents a  very  excellent  combination  of  these  drugs : 

^  Antipyrini 10.0 

Ammon.  bromid., 

Potass,  bromid., aa    5.0 

Ext.  viburn.  prunifol., 20.0 

Spir.  vini  gallici, 

Syr.  cort.  aurant., aa40.0 

Aq.  dest., 90.0 

M.    S.  Take  a  teaspoonful  four  or  five  times  daily. 

For  the  treatment  of  dysmenorrhcea  in  young  girls,  the  following 
may  be  found  useful  in  controlling  the  pain : 

I^  Tinct.  belladon.  fol., 5.0 

Tinct.  opii  camphoratae, 10.0 

M.    S.  Take  fifteen  drops  in  water  as  required. 

The  emmenagogues  that  we  have  already  mentioned  in  the  section 
devoted  to  amenorrhoea  may  also  find  their  indication  in  this  affec- 
tion and  should  be  administered  a  few  days  before  the  appearance  of 
the  menstruation.  The  permanganate  of  potassium,  given  in  the  form 
of  pills,  in  doses  of  15  to  60  cgm.,  is  largely  employed  in  England, 
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and  is  especially  advocated  by  E-inger,  who  considers  it  a  precious 
regulator  of  the  menstruation.  The  diet  and  the  hygienic  condition 
of  the  patient  during  or  in  the  interval  of  the  menses  should  be  reg- 
ulated according  to  the  particular  indications  of  each  case ;  but  such 
measures  can  be  curative  only  if  the  disorder  is  caused  by  bad  general 
conditions  or  by  tardy  development  of  the  genital  organs.  The  bowels 
must  never  be  forgotten,  a  consideration  which  is  often  overlooked  by 
the  physician,  judging  from  the  large  number  of  young  women  who 
have  always  been  constipated  and  who  have  never  taken  care  of  them- 
selves in  this  respect.  As  a  laxative,  saline  mineral  waters,  taken  in 
the  morning,  especially  those  containing  sulphate  of  magnesium  and 
salts  of  sodium,  will  be  all  that  is  required.  For  poorer  patients  who 
cannot  afford  the  luxury  of  a  mineral  water  a  solution  of  sulphate  of 
magnesium  may  be  used.  The  following  will  be  found  of  value  as  a 
good  laxative  in  case  salines  are  ineffectual : 

I^  Pulv.  jalap 10.0 

Pulv.  rhei, 

Oleosaccb.  limonis,         .  .       .         .         .         .         .         .  aa    5.0 

Sulphur,  prascip., 

Potass,  bitartrat.,  .......  aa  20.0 

M.    S.  A  teaspoonful  in  a  glass  of  water,  to  be  takeu  in  the  morning. 

In  terminating  the  symptomatic  treatment  we  might  say  that 
marriage  or  pregnancy  is  often  the  means  of  bringing  about  a  cure. 

Curative  Treatment. 

The  curative  treatment  is  in  the  majority  of  cases  surgical,  and 
may  vary  of  course  with  the  nature  of  the  lesion. 

Treatment  of  Uterine  and  Peri-uterine  Lesions. — Progressive  dilata- 
tion, preferably  with  Hegar's  sounds,  negative  galvano-caustic  ap- 
plications, incisions  of  the  cervix,  repeated  curetting,  especially  in 
cases  of  membranous  dysmenorrhoea,  followed  by  the  intra-uterine 
applic^ion  of  tincture  of  iodine  or  of  a  solution  of  creos,ote  in  glyc- 
erin are  also  recommended  for  uterine  lesions.  The  excision  of  polypi 
or  the  enucleation  of  small  fibromata  by  Vulliet's  method  and  the 
various  operations  for  correcting  the  flexions  or  versions  of  the  uterus, 
should  be  performed  according  to  the  case,  and  will  usually  be  suc- 
cessful in  curing  the  dysmenorrhoea  if  the  latter  is  dependent  upon 
any  of  the  above-mentioned  lesions  of  the  uterus. 

The  peri-uterine  lesions,  such  as  perimetritis,  ovarosalpingitis, 
hsematocele,  tumors,  etc.,  which  determine  the  dysmenorrhoea  have 
symptoms  special  to  themselves  which  will  demand  treatment.  If 
dysmenorrhoea  alone  exists,  the  physician  should  be  guided  in  his 
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choice  between  jialliative  aud  radical  treatment  by  the  intensity  or 
stubbornness  of  the  disorder. 

The  gra'VTty  of  the  psychical  or  nervous  symptoms  which  some- 
times complicate  dysmenorrhoea,  such  as  epilepsy,  hysteria,  or  mania, 
has  been  the  subject  of  discussion  as  to  whether  in  these  cases  an  arti- 
ficial meno])ause  should  not  be  brought  about.  When  all  api:)arent 
lesions  of  the  genital  organs  are  wanting,  Battey  and  Hegar  simul- 
taneously, and  afterwards  Lawson  Tait,  and  after  these  gentlemen 
a  large  number  of  surgeons,  have  decided  the  question  in  the  affirma- 
tive, with  verj^  different  results,  aud  have  carried  it  into  practice  per- 
haps too  frequentl}'. 

Oophorectomy  viill  cause  the  dysmenorrhoea  to  disappear,  but  not 
so  the  other  symptoms  which  are  general  and  due  to  a  neurotic  con- 
stitution. In  such  cases  the  happy  effect  produced  may  be  only  tem- 
porary, and  the  same  result  has  often  been  produced  by  a  make-believe 
operation,  the  action  being  that  of  a  simple  suggestion;  and  lastly, 
in  spite  of  the  safety  of  modern  surgery,  the  operation  of  castration 
always  has  the  disadvantage  of  rendering  the  patient  forever  sterile. 
Nevertheless,  it  counts  many  brilliant  and  sure  successes,  and  the 
dysmenorrhoeic  accidents  are  such  sometimes  that  no  other  inter- 
ference but  this  could  completely  do  away  with  them.  Hegar  held 
that  castration  should  be  restricted  to  cases  in  which  a  lesion  of  one 
or  both  appendages  had  been  demonstrated  by  examination;  but  a 
diagnosis  cannot  always  be  made,  and  it  is  still  more  difficult  to  ap- 
preciate a  lesion  if  the  function  is  not  present.  On  the  other  hand,  a 
pregnancy  in  a  degenerated  woman  is  not  perhaps  a  desirable  thing, 
as  Goodell,  of  Philadelphia,  has  suggested.  In  the  presence  of  these 
contradictor}^  arguments  and  of  the  great  variety  of  symptoms  ob- 
served in  different  patients,  it  is  very  difficult  to  formulate  a  general 
rule  which  could  be  followed  in  the  vast  majority  of  cases.  In  all 
cases  the  question  of  castration  is  not  to  be  considered  until  all  the 
conservative  methods  of  treatment  have  been  tried,  and  have  resulted 
in  failure.  The  solution  of  the  question  will  often  depend  upon  a 
careful  and  conscientious  examination  of  the  given  case  and  an  analy- 
sis of  the  rational  symptoms,  as  well  as  the  phj^sical. 

Pean  considers  uterovaginal  castration  far  superior  to  oophorec- 
tomy, because  it  more  surely  does  way  with  the  starting-point  of  the 
reflex  symptoms;  and  Pozzi,  basing  hii  remarks  on  two  successful 
cases,  admits,  as  does  Brennecke,  that  hysterectomy  brings  about 
an  atrophy  of  the  ovaries  very  soon  after  its  performance.  It  must 
here  be  remarked,  however,  that  Grammatikati  has  experimentally 
demonstrated,  both  in  rabbits  and  in  the  human  female,  this  fact, 
which  Hofmeier  had  already  foreseen,  that  the  ovaries  remain  in  full 
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physical  activity  after  the  uterus  has  been  removed.  After  oophor- 
ectomy the  lumbar  centre  no  longer  performs  its  functions,  or  at  least 
only  automatically,  and  soon  ceases  entirely  to  do  so.  After  hysterec- 
tomy, on  the  contrary,  if  the  ovaries  are  left  in  place,  not  only  will 
the  menstrual  molimen  often  be  observed  (Glaevecke  having  noted  in 
it  fifty  per  cent,  of  cases  after  castration),  but  what  is  more,  serious 
troubles  of  long  duration  may  occur.  As  a  practical  deduction  from 
experience,  the  rule  of  operation  among  surgeons  of  authority  re- 
quires the  removal  of  the  ovaries  when  hysterectomy  is  performed  in 
young  women.  After  the  menopause,  this  complementary  opera- 
tion is  entirely  indifferent.  The  Fallopian  tubes,  however,  are  anato- 
mically a  part  of  the  uterus  and  should  always  be  removed  with  the 
latter  in  hysterectomy  for  adenoma  or  cancer  of  that  organ. 

The  Troubles  of  the  Menopause. 

Menstruation  ceases,  as  we  have  ah-eady  said,  between  the  ages  of 
forty-five  and  fifty.  The  flow  becomes  less  and  less  abundant,  is 
wanting  sometimes,  and  then  definitely  disappears  without  fui*ther 
trouble.  This  suppression  may  have,  as  an  occasional  cause,  a  chill 
or  an  intense  mental  impression.  When  once  the  menopause  has 
taken  place,  the  mucosa  of  the  genital  organs  becomes  pale,  the 
vulva  takes  on  a  withered  condition,  the  hairs  on  the  pubis  become 
white  and  fall  out,  while  the  mammary  glands  shrink  and  atrophy. 
An  atrophic  process  by  sclerosis  invades  the  entire  female  genital 
apparatus. 

This  period  of  transition  does  not  take  place  without  producing 
certain  troubles  similar  to  those  which  occur  at  the  beginning  of  pu- 
berty. In  women  who  are  otherwise  in  good  health,  they  are  slight 
and  ephemeral  and  disappear  as  soon  as  menstruation  has  ceased ;  but 
when  a  pathological  condition  exists  they  may  take  on  a  very  serious 
importance. 

The  disorders  of  the  menopause  may  be  divided  into  four  groups, 
namely :  those  occurring  in  the  uterus ;  those  affecting  the  organs  of 
circulation ;  disorders  of  the  nutrition ;  and  nervous  phenomena. 

We  will  first  consider  the  uterine  complications.  Often  menor- 
rhagia,  followed  or  not  by  a  period  of  amenorrhoea,  or  rarely  metror- 
rhagia, is  often  observed  during  the  last  months  of  the  menopause,  and 
afterwards  the  menses  no  longer  appear.  If  the  woman  is  affected  vdth 
malaria  or  a  disease  of  the  spleen,  particularly  pernicious  anaemia, 
these  conditions  often  give  rise  to  menorrhagia,  but  when  they  are 
properly  cared  for  by  a  well-directed  treatment,  the  losses  of  blood 
will  cease,  after  which  the  menopause  normally  takes  place. 
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In  the  vast  majority  of  cases  a  metrorrhagia  occurring  during  the 
menopause  is  either  due  to  some  trouble  in  the  circulatory  system, 
to  an  endometritis  or  to  a  uterine  pol}  pus  which  has  not  been  recog- 
nized, or  it  is  a  symptom  of  the  beginning  of  a  malignant  degeneration 
of  the  uterus.  This  latter  fact  should  never  be  forgotten,  as  far  too 
many  cases  of  inoperable  carcinoma  of  the  uterus  come  to  the  surgeon 
on  account  of  the  neglect  or  indiflfereuce  of  the  family  physician  when 
the  patient  complains  of  metrorrhagia  at  the  time  the  menopause 
might  be  expected.  The  same  thing  may  be  said  with  even  more 
emphasis  of  hemorrhages  that  sometimes  occur  with  an  apjjearance 
of  periodicity  several  years  after  the  menopause  has  taken  xjlace. 

In  the  circulator3'  system,  visceral  congestions  are  particularly  to 
be  noted.  Congestion  of  the  lungs,  of  the  liver,  cerebral  hemor- 
rhage, hemon'hoids,  hsematuria,  a  return  of  the  menses,  profuse 
perspiration,  or  periodical  galactorrhoea  are  to  be  mentioned  as  most 
frequently  occurring. 

Disorders  of  nutrition  occurring  during  the  menopause  are  fre- 
quenth'  plethora  and  obesitj'.  The  return  of  extinct  scrofulous  mani- 
festations or  of  chlorosis  is  to  be  particularly  noted.  Charcot  says 
that  the  first  manifestations  of  gout  or  chronic  rheumatism  may  be 
observed  at  this  time. 

The  nervous  troubles  which  are  met  with  are  vertigo,  palpitations, 
flashes  of  heat,  and  neuralgias,  particularly  of  the  ovary.  As  at  the 
other  end  of  the  genital  life,  cases  of  nervous  pregnane}^  have  been 
observed  which  could  only  be  explained  by  an  awakening  of  the  geni- 
tal sense,  and  coincident  with  the  commencement  of  obesity  there  are 
certain  more  serious  troubles  which  may  occasionally  occur.  These 
are  paraplegia,  a  recurrence  or  the  appearance  for  the  first  time  of 
hysterical  or  epileptoid  manifestations;  and  in  the  degenerated,  or 
those  having  an  hereditary  predisposition,  various  psychoses  appear. 

Lastly,  menstrual  exanthemata  often  take  on  a  new  vigor  and 
may  from  this  time  on  become  chronic.  There  is  a  rule  in  physio- 
logy^ that  the  menopause  marks  the  end  of  the  genital  life  in  women 
if  it  does  not  her  sexual  life.  Some  exceptional  facts,  however,  prove 
that  sterility  is  not  always  definitive,  as  Deshayes  has  seen  pregnancy 
occur  two  years,  Lemoine  three  years,  Puech  six  years,  and  Ke- 
naud  twelve  years,  after  the  cessation  of  the  menses. 


Treatment. 

There  is  no  general  treatment  to  be  directed  against  the  accidents 
of  the  menopause,  as  each  one  of  them  presents  its  own  indications. 
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Nevertheless  tlie  chances  of  the  occurrence  will  be  greatly  diminished 
by  a  proper  hygiene  and  light  alimentation,  laxatives,  exercise  in 
the  open  air,  abstinence  from  excessive  work  or  of  considerable  mental 
tension,  not  forgetting  moderation  in  indulgence  in  the  conjugal  re- 
lation. 
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FUNCTIONAL  DISORDERS  OF  THE 
MALE  SEXUAL  ORGANS. 


INTRODUCTION. 


The  differential  diagnosis  between  those  sexual  disorders  which 
are  functional  and  those  which  depend  upon  organic  change  furnishes 
a  subject  of  great  importance,  and  one  which  has  hitherto  been  much 
neglected  and  consequently  is  often  but  poorly  understood.  The 
sum-total  of  human  misery  which  can  be  atti'ibuted,  and  indeed 
directly  traced,  to  these  functional  complaints  is  astounding.  That 
which  is  disclosed  in  the  secrecy  of  the  specialist's  consulting  room 
forms  but  a  small  part  of  the  mental  torment  which  exists  in  the 
world  because  of  real  or  fancied  imperfections  and  weaknesses  of  the 
genital  functions. 

The  sexual  is  the  sti'ongest  instinct  with  which  man  has  been 
endowed.  Maintenance  of  species  depends  upon  the  maintenance  of 
sexual  desire.  Upon  sexual  hygiene  depends  oftentimes  a  continu- 
ance of  the  individual's  well-being  and  happiness.  Sexual  neuras- 
thenia is  of  all  the  forms  of  ners'ous  exhaustion  the  most  important; 
but  from  it  must  be  distinguished  the  sexual  weakness  which  is  but 
one  of  the  manifestations  of  spinal  or  cerebral  neurasthenia.  '\\'hen 
the  nervous  system  is  pathologically  affected  the  sexual  is  frequently 
among  the  first  of  the  functions  to  suffer,  and  it  is  in  connection  with 
the  organs  of  this  system  that  one  of  the  important  nerve  centres  for 
reflex  irritation  is  located.  In  view  of  the  importance  of  the  whole 
subject  and  the  frequency  with  which  the  physician  is  brought  face  to 
face  with  questions  bearing  in  one  way  or  another  upon  sexual  matters, 
it  is  difficult  to  understand  the  manner  in  which  some  authors  have 
evaded  many  topics  with  which  practising  physicians  should  be 
wholly  familiar,  referring  to  them  perhaps,  in  the  words  of  one  writer, 
as  "ticklish  if  not  absolutely  repulsive."  Whatever  knowledge  and 
skill  may  bring  relief  from  the  suffering  of  disease  and  be  of  benefit 
to  humanity,  no  physician  should  hesitate  to  acquire. 

Naturally,  distinctions  must  be  made  between  conditions  which 
result  from  degeneration  and  those  due  solely  to  degradation,  and 
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sexual  perverts  must  be  separated  from  the  sexually  perverse ;  but  I 
cannot  at  all  agree  witli  a  distinguished  American  authority  who  dis- 
misses the  whole  subject  in  a  few  lines  with  the  statement  that  "  the 
very  contemplation  of  it  is  degrading."  The  scope  of  the  present 
article  will  not  permit  me  to  enter  into  many  conditions  which  have 
the  greatest  sociological  as  well  as  psychological  importance,  but  I 
wish  here  to  protest  against  that  feeling  among  writers  and  readers 
that  he  who  would  remain  undefiled  must  not  touch  pitch.  This 
unscientific  way  of  thinking  has  done  too  much  already  to  retard 
progress  in  this  branch  of  medicine. 

Impotence. 

Definition. — When  we  speak  of  impotence  in  the  male  we  mean 
that  condition  in  which,  for  one  reason  or  another,  there  is  an  inabil- 
ity to  carry  out  the  act  of  copulation — impotenfia  coeundi. 

In  his  normal  state  everj^  adult  male,  during  the  physiological 
period  of  his  virility,  has  the  power  to  perform  the  sexual  act.  Im- 
potence implies  a  lack  or  loss  of  this  power.  It  may  be  due  to  defi- 
ciency of  erection,  either  as  regards  quality  or  duration,  the  erectile 
tissues  of  the  organ  not  becoming  or  not  remaining  sufficiently  dis- 
tended with  blood  to  permit  of  a  consummation  of  the  act ;  or  there 
may  exist  some  congenital  or  acquired  state  of  the  generative  organs 
which  renders  intromission  of  the  penis  ineffectual  or  impracticable. 
There  may  be  total  absence  of  erection  or  there  may  be  an  entire 
absence  of  a  virile  member,  ^and,  though  an  abundance  of  healthy 
semen  may  be  secreted  containing  fecundating  spermatozoa,  such  a 
man  is  not  alone  impotent  but  mechanically  sterile  by  reason  of  his 
impotence.  While  in  this  sense  a  man  who  is  impotent  is  likewise 
sterile,  the  converse  is  in  no  wise  true,  since  normal  erection,  orgasm, 
and  even  ejaculation,  may  take  place  in  a  variety  of  conditions  which 
necessitate  sterility ;  such  are  double  epididymitis  with  occlusion  of 
the  vasa  deferentia,  and  absence  of  true  seminal  fluid  or  of  those 
elements  which  render  it  capable  of  fecundation.  In  the  same  way 
such  eunuchs  as  have  been  spared  the  penis  when  deprived  of  their 
testes  are  said  at  times  to  preserve  the  power  of  erection  and  copula- 
tion for  several  years  with  the  accompanying  pleasurable  sensations. 
Hence  though  sterile  they  are  not  impotent. 

The  broad  acceptation  of  the  term  impotence,  implying  an  in- 
ability on  the  part  of  the  male  to  consummate  sexual  congress,  must, 
therefore,  of  necessity  embrace  both  physiological  and  pathological 
conditions  of  widely  different  nature.  These  conditions  may  be  of 
temporary  duration  or  they  may  exist  as  permanent  states  of  lack  of 
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virilit}'.     In  the  one  case  the  impotence  is  only  relative;  in  the  other 
it  is  absolute. 

It  may  be  caused  by  any  abnormal  physical  state  which  acts  as 
an  obstacle  to  the  introduction  of  the  male  organ  into  the  vagina,  or 
by  disorder  of  the  nervous  or  muscular  apparatus  concerned  in 
the  mechanism  of  erection  and  ejaculation,  or  by  such  consti- 
tutional disease  as  impairs  the  generative  function  of  the  indi- 
vidual. 

Mechanism  and  Causes  of  Erection  and  Ejaculation. 

Since  the  erect  state  of  the  penis  enters  so  largely  into  the  ques- 
tion of  potency,  it  will  be  proper  for  us  to  take  up  here  these  ques- 
tions. 

Erection. — While  partially  under  the  control  of  the  will,  mental 
efforts  alone  are  not  uniformly  capable  of  producing  erection,  and, 
on  the  other  hand,  the  latter  may  arise  in  spite  of  the  strongest 
efforts  of  will  power  to  repress  it. 

The  chief  exciting  causes  of  erection  are  psychical  impressions, 
and  peripheral  and  central  irritations. 

Among  the  fii'st  are  to  be  mentioned  the  sight  or  thought  of,  or 
contact  wdth,  women ;  among  the  second  the  various  local  irritations 
to  which  the  glans  penis  and  urethra  are  subjected,  as  well  as  those 
arising  from  a  distended  bladder  or  rectum,  and  the  frictions  of  cloth- 
ing and  those  incidental  to  horseback  and  bicycle  exercise,  not  to 
mention  that  which  may  be  brought  about  voluntarily  by  the  subject 
himself.  Among  the  central  irritations  we  have  those  of  the  spinal 
cord,  arising  from  disease  or  injury,  as  exemplified  in  the  priapism 
observed  as  an  early  symptom  of  tabes ;  those  of  the  medulla,  caused 
by  an  asphyxiated  condition  of  the  blood,  as  seen  in  cases  of  stran- 
gulation, and  the  irritant  effect  of  certain  drugs  such  as  cantharides, 
muscarin,  etc. 

The  nervous  centre  which  presides  over  and  governs  the  process 
of  hardening  of  the  penile  tissues,  and  their  maintenance  in  this  rigid 
state  until  the  generative  function  of  the  organ  has  been  completed, 
is  situated  in  the  lumbar  portion  of  the  spinal  cord.  Here  Eck- 
hardt '"  discovered  his  nervi  erigentes  which  embrace  the  vasodilator 
fibres  distributed  to  the  vascular  system  of  the  penis.  These  control 
the  dilatation  of  the  arterioles,  especially  of  the  corpora  cavernosa 
and  corpora  spongiosa,  permitting  an  increased  volume  of  blood  to 
enter  the  organ. 

Contraction  of  the  fibres  of  the  accelerator  uringe  obstructs  the 
backward  flow  through  the  dorsal  vein,  and  this  stasis  of  venous  blood 
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adds  to  and  aids  in  the  continuation  of  the  rigidity ;  this  may  continue 
for  hours  oftentimes  in  conditions  of  satyriasis  and  diseases  affect- 
ing nerve  tissue,  especially  that  in  proximity  to  or  in  the  cord  above 
the  erection  centre,  and  producing  priapism. 

From  this  spinal  centre,  to  which  the  sensory  nerves  of  the  penis, 
prostate,  seminal  vesicles,  bladder,  rectum,  and  contiguous  tissues 
send  their  branches,  there  are  given  off  delicate  fibres  which  pass 
upwards  and  terminate  in  as  yet  an  unknown  manner  in  the  brain. 
That  the  brain  acts  in  an  inhibitory  manner  through  fibres  passing 
to  the  spinal  centre  is  shown  in  certain  psychical  conditions  of  which 
we  shall  speak  later.  Peripheral  impressions  affecting  the  special 
senses  of  sight,  hearing,  and  smell,  may  be  sufiicient  to  start  up  this 
reflex  metamorphosis,  and  a  sudden  unbidden  and  distracting  thought 
may  enter  the  mind  which  instantaneously  counteracts  all  other  nerve 
influence,  and  flaccidity  at  once  results. 

Tristram  Shandy  would  appear,  according  to  Sterne,  to  have  been 
aware  of  his  own  narrow  escape  through  the  inhibitory  action  of  these 
nerves,  when,  just  at  the  critical  moment,  his  mother  had  almost  dis- 
tracted his  father's  attention  by  asking  if  he  had  remembered  to  wind 
the  clock  before  retiring.  The  contraction  of  the  muscles  of  the  penis 
is  partially  controlled  by  will  power;  and  their  contraction,  which  is 
excited  in  a  reflex  manner  by  stimulation  of  the  sensory  nerves  of  the 
penis,  may  serve  to  augment  an  erection  which  has  already  taken 
place. 

It  is  important  to  bear  in  mind  this  inhibitory  effect  arising 
from  mental  preoccupation,  emotions,  fright,  fear,  and  especially  lack 
of  confidence  on  the  part  of  the  individual  in  his  own  ability  to 
properly  perform  his  part.  Its  practical  applicability  will  be  ap- 
parent when  we  come  to  consider  the  psychical  and  other  forms  of 
supposed  impotence.  Erections  are  stimulated  by  a  distended  as  well 
as  by  an  inflamed  state  of  the  seminal  vesicles,  and  while,  as  is  well 
known,  distention  of  the  urinary  bladder  furnishes  the  necessary 
peripheral  irritation  for  the  habitual  morning  erection,  it  is  probable 
that  a  well-filled  seminal  vesicle  acts  as  a  normal  stimulant  to  healthy 
erection. 

Abnormal  states  of  this  condition  are  induced  by  injury  of  the 
cervical  cord,  as  OUivier  has  shown,  and  jiriapism  has  been  frequently 
observed  as  one  of  the  early  signs  of  locomotor  ataxia.  The  erection 
which  takes  place  in  hanging  is  a  familiar  instance  of  the  effect  of 
injury  to  the  cord  in  the  region  of  the  neck.  It  has  been  observed 
that  when  injury  has  occurred  to  the  lower  portion  of  the  cord  in 
which  the  nervi  erigentes  run,  no  erection  follows  from  the  irritation 
higher  up;    consequently  after  injury  to  the  back,  the  occurrence 
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or  non-occurrence  of  priapism  ma>  have  decided  diagnostic  sig- 
nificance. 

In  youthful  subjects  the  passage  of  a  sound  into  the  deep  urethra 
is  likely  to  result  in  erection,  while  in  infants  a  disi)roporti(jnate 
peripheral  irritation,  such  as  may  be  excited  by  phimosis,  ascarides, 
bladder  stone,  or  even  skin  disease  of  the  penis,  often  results  in  pro- 
longed priapism. 

Ejaculation. — The  expulsion  of  the  seminal  fluid  into  and  througli 
the  urethra  calls  into  play  the  combined  efforts  of  the  nervous,  mus- 
cular, and  circulatory  systems.  These  are  influenced  in  the  normal 
act  by  the  simultaneous  working  of  peripheral  and  central  stimula- 
tion, such  as  has  been  active  in  the  production  of  the  erection. 

It  is  the  ejaculatory  centre  situated  in  the  spinal  cord,  stimulated 
by  excitement  of  an  erotic  nature  and  by  the  irritation  of  the  sen- 
sory nerves  of  the  penis  from  contact  with  the  vagina,  which  trans- 
mits the  motor  influence  to  the  vesiculm  seminales,  causing  them  to 
contract  and  to  expel  their  contained  fluid.  It  is  in  abnormal  states 
alone  that  the  central  stimulation  is  of  itself  sufiicient  to  cause  ejacu- 
lation, in  the  absence  of  all  local  friction.  The  degree  to  which  the 
pathological  state  has  advanced  may  be  measured  by  the  diminishing 
amount  of  local  impulse  required  to  effect  ejaculation,  and  when  the 
latter  takes  place  from  unaided  j)sychical  impulse,  especialh'  in  the 
absence  of  erection,  a  serious  condition  confronts  us.  The  mechanical 
stimulation  of  the  nerves  is  a  prerequisite  to  healthy  reflex  action 
upon  the  ejaculator  muscles. 

The  act,  while  in  a  measure  under  control  of  the  will,  is  governed 
by  motor  influences  which  at  a  certain  jjeriod  gain  the  ascendancy 
and  overcome  all  volition.  Still  many  men  acquire  hy  practice  such 
control  over  the  muscles  involved  that  they  can  delaj^  the  emission  of 
semen  for  a  considerable  time,  and,  in  order  to  avoid  the  natural  con- 
sequences of  coitus,  practise  withdrawal  of  the  penis  just  before  ejacu- 
lation. This  practice,  all  too  common,  has  in  man^'-  instances  led  to 
affections  of  a  more  or  less  serious  nature,  which  will  be  spoken  of 
hereafter.  The  mouths  of  the  ejaculatory  ducts  are  directed  forward, 
and  after  passing  from  them,  the  seminal  fluid  collects  in  the  bulbous 
urethra  behind  the  compressor  muscle.  Here  the  distention  of  the 
canal  excites  reflex  contraction  of  the  bulbocavernous  muscle,  which 
forces  it  along  the  canal  and  through  the  meatus  in  a  series  of  expul- 
sive gushes.  At  the  moment  of  full  erection  a  swelling  of  the  caput 
gallinaginis  furnishes  a  barrier  to  the  passage  of  urine  into  the  urethra 
as  well  as  that  of  semen  into  the  bladder.  Abnormal  conditions 
which  permit  the  semen  to  take  this  unnatural  course  towards  the 
bladder  may  result  in  sterility. 
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In  one  case  of  Keves'  related  bj  Fuller''  a  stone  operation  had 
resulted  in  a  cicatrix  Trliich  caused  tlie  mouths  of  the  ducts  to  oijen 
towards  the  bladder,  into  which  the  ejected  fluid  naturally  escaped. 


Etiology. 

Impotence  is  in  the  vast  majority-  of  cases  unquestionably  the 
result  of  misuse  of  the  sexual  organs  and  abuse  of  their  functions 
in  natural  or  unnatural  ways.  Many  instances  are  found  in  associa- 
tion with  seminal  incontinence  and  depend  upon  a  common  cause. 

Aside  from  these  etiological  factors  we  find  certain  forms  of  cere- 
bral disease;  lesions  of  the  spinal  cord,  implicating  the  centre  of 
erection;  grave  systemic  disease,  especially  those  attended  with 
cachexia  and  poisoning  by  tobacco.  The  etiology  of  each  differsnt 
form  of  impotence  will  receive  separate  consideration  in  the  appro- 
priate place. 

Classification. 

Authorities  have  not  been  in  accord  upon  the  proper  manner  of 
classifying  the  various  forms  under  which  impotence  may  present 
itself.  The  simplest  and  at  the  same  time  most  scientific  classifica- 
tion is  that  proposed  by  the  late  regretted  Professor  Ultzmann,'' 
under  whose  kindly  instruction  it  was  my  good  fortune  to  have 
passed  some  time.  Following  the  most  pronounced  etiological  factor 
in  each  instance  he  distinguishes:  1.  Organic  impotence;  2.  Psy- 
chical impotence;  3.  Impotence  from  irritable  weakness;  4.  The 
paralytic  form  of  impotence. 

Ch^ganic  Impotence. 

This  depends  upon  structural  defect  or  morbid  condition  of  the 
parts,  such  as  malformations,  mutilations,  anomalies,  and  diseases  of 
the  penis  (hypospadias,  epispadias,  elephantiasis,  tumors  of  the 
penis,  absence  of  the  penis),  or  of  the  testes  or  their  associated  organs. 
It  may  also  be  due  to  the  existence  of  some  abnormal  state  which 
prevents  the  outflow  of  the  healthy  seminal  fluid  into  the  vagina. 
This  form  of  impotence  is  usually  absolute,  though  like  the  second 
form  it  may  be  only  relative  in  certain  cases. 

Hypospadias  and  episp)adias  may,  in  giving  a  faulty  direction  to 
the  expelled  semen,  be  the  cause  of  a  relative  degree  of  impotence 
which  an  operation  would  rectify.  The  inability  to  deposit  the  semi- 
nal fluid  within  the  female  genital  tract -alone  renders  a  subject  of 
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either  of  these  deformities  impotent,  hence  only  slight  degrees  of 
impotence  exist  in  those  having  full  possession  of  their  generative 
faculties,  since,  in  order  to  impregnate,  it  is  often  sufficient  that 
semen  has  been  deposited  in  some  portion  of  the  vaginal  canal,  or 
even  within  the  vulva. 

Ulephanfiasis,  as  it  influences  potency,  is  usually  a  condition  in- 
volving the  scrotum  primarily  and  only  later  on  implicating  in  such  a 
manner  the  virile  member  itself  as  to  prevent  its  proper  introduction 
in  coitu.  lu  advanced  stages  of  scrotal  elephantiasis  the  penis  is,  as 
it  were,  drawn  in  and  hidden  by  the  massive  growth,  which  latter  by 
its  size  alone  would  often  interfere  with  proper  intercourse. 

Tumors  of  fJie  j^enis,  such  as  cancer,  gummata,  and  a  rare  form  of 
horny  growth,  may  be  regarded  as  occasional  impediments  to  success- 
jul  copulation. 

Absence  of  the  penis,  though  rare,  is  a  congenital  condition,  in- 
stances of  which  have  been  recorded  by  Fodere,*Aguew,  Vinogradoff, 
and  others.  Impotence  is  here  a  natural  sequence.  In  another  class 
of  cases  it  may  be  an  acquired  condition,  resulting  from  amputation 
of  the  organ,  or  destruction  in  some  other  manner.  Eunuchs  who 
have  been  deprived  of  penis  as  weU  as  testes  are  of  necessity  im- 
potent. 

An  abnormally  short  or  undeveloped  penis,  especially  in  an  obese 
subject,  or  an  organ  of  natural  length  which  is  interfered  with  in 
action  by  an  abnormal  growth  in  too  close  proximity,  as  for  example 
a  large  scrotal  hernia,  may  render  impracticable  that  close  approach 
which  is  essential  to  complete  copulation.  Retraction  of  the  organ 
has  the  same  result.  The  opposite  condition  of  excessive  size  of 
penis  can  scarcely  be  regarded  as  a  cause  of  impotence,  for  while  the 
possessor  of  such  deformity  might  be  impotent  with  one  he  would 
probably  not  be  with  every  woman.  In  either  case  if  the  seminal 
flow  can  be  projected  well  within  the  vulva  pregnane}'  maj'  result, 
though  no  actual  intromission  has  taken  place.  Instances  have  been 
reported  in  which  bladder  calculi  and  urethral  strictures  have  brought 
about  such  a  degree  of  penile  hypertrophy  that  coitus  was  out  of 
the  question. 

Stricture  by  itself  may  so  impede  the  course  of  the  semen  at  the 
time  of  ejaculation  that  it  constitutes  a  cause  of  impotence. 

Displacements  and  distortions  of  the  penis  from  accident  or  disease, 
such  as  dislocation  into  the  scrotum  (case  reported  by  Malinouski) ; 
inflammatory  deposits  in  the  erectile  tissue  or  in  the  fibrous  sheaths 
of  the  corpora  cavernosa  may  prevent  intromission. 

Gout  of  the  penis  has  for  the  time  being  the  same  effect.  Smyth" 
relates  an  instance  which  he  considered  unique,  but  Jacobson, '  Paget, 


602  ALLEN — DISORDEES   OF   THE   iSiALE   SEXUAL   OEGANS. 

and  others  have  observed  tlie  condition  attended  with  painful 
priapism. 

Calcification  of  the  corpora  cavernosa,  as  well  as  cicatricial  indu- 
rations, have  also  been  assigned  as  causes. 

Phimosis  of  such  a  degree  as  to  prevent  the  outflow  of  semen  might 
also  enter  as  an  etiological  factor.  Before  leaving  the  subject  of  the 
penis  we  should  not  neglect  to  mention  the  possible  occurrence  of  an 
ancesthesia  of  the  glans  which  might  interfere  with  the  development  of 
an  orgasm  and  its  attendant  emission.  Hypercesthesia,  on  the  other 
hand,  may  reach  such  a  high  development  that  the  mere  contact  of  the 
glans  with  the  external  parts  is  sufficient  to  bring  on  an  orgasm  and 
premature  escape  of  semen  before  entrance  is  effected. 

Pathological  changes  in  the  testicle  and  epididymis  are  more  likely 
to  result  in  sterility  than  in  impotence  alone.  Both  conditions, 
however,  are  apt  to  coexist,  and  in  this  way  atrophy  of  the  testes, 
tuberculosis,  syphilis  of  the  epididymis  as  well  as  of  the  testicle, 
sarcomatous  and  cancerous  infiltrations,  etc.,  by  pressure  upon  or 
disorganization  of  the  secreting  portion  of  the  organs  and  their  ducts, 
may  occasion  impotence  as  well  as  sterility.  Since,  as  I  believe,  one 
of  the  important  stimuli  to  erection  is  to  be  found  in  the  distended 
seminal  vesicle,  sexual  desire  is  decreased  and  even  disappears  in 
some  instances  of  chronic  seminal  vesiculitis. 

Psychical  Impotence. 

This  form  is  usually  temporary  and  is  more  likely  to  be  observed 
in  young  men  and  especially  those  newly  wed,  though  it  may  extend 
through  a  long  period  of  married  life.  It  occurs  chiefly  in  those  of 
nervous  temperament,  and  is  frequently  an  expression  of  simple  lack 
of  confidence  in  one's  ability.  The  power  is  present,  no  organic  im- 
pediment exists,  and  still  the  subject  fails,  and  each  new  failure  only 
adds  to  the  difficulties  encountered  in  our  attempts  to  rid  him  of  his 
truly  imaginary  though  practically  real  impotence. 

The  function  of  the  inhibitory  nervous  apparatus  is  augmented  by 
this  repeated  non-success,  and,  unless  medical  aid  or  some  fortuitous 
accident  intervenes,  that  which  has  been  till  now  simply  a  neurosis 
depending  upon  psychical  influences  may  become  a  more  pronounced 
and  more  permanent  type  of  disease. 

Certain  sexual  perverts  are  to  be  classed  as  impotent  because  of 
the  antipathy  which  they  experience  for  women,  amounting  to  sexual 
horror  when  coitus  is  in  question. 

Other  individuals,  whose  general  health  leaves  nothing  to  be  de- 
sired, give  a  history  of  never  having  experienced  sexual  desire.     They 
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mauifest  a  coldness  towards  the  opposite  sex  without  feelings  of  ab- 
horrence and  without  showing  any  x>erverted  instincts  as  regards 
those  of  their  own  sex.  Such  instances  of  innate  absence  of  desire 
are  rare.  Those  which  are  acquired  by  mental  i:)reoccupation,  and 
otherwise,  are  more  common.  "Wlien  the  mind  is  intensely  fixed  upon 
subjects  of  an  engrossing  nature  such  as  the  solution  of  intricate 
problems,  or  indeed  anything  reciuiring  concentrated  mental  effort, 
genital  excitement  is  in  abeyance.  This  fact  was  so  well  known  to 
Grimaud  de  Caux  and  Martin  Saint  Ange  as  early  as  1847  that  we 
find  in  theiv  "  liisfoire  de  la  ghwrailon  de  VJiomme"  the  ad^'ice  given 
to  subjects  of  excessive  venereal  excitement  to  engage  in  mathematical 
studies. 

Impotence  induced  by  brainwork  is  usually  of  a  temporary  char- 
acter, and  can  be  remedied  in  a  rational  manner.  Shock,  grief, 
financial  reverses,  fear,  and  apprehension  are  all  capable  of  inducing 
an  imi^otence  of  variable,  but  usually  of  brief  duration. 

Absence  of  erection  maj'  coincideutly  exist.  This  has  been  ex- 
plained as  the  result  of  spasmodic  contraction  of.  the  muscular  fibres 
embedded  in  the  trabeculse  of  the  corpora  cavernosa.  Besides  the 
causes  already  mentioned  we  find  onanism,  gonorrhoea,  prostatitis, 
and  inflammatory  disease  of  the  bladder  or  testicles.  Almost  all  cases 
of  psychical  impotence  present  a  history  of  excessive  onanism,  and 
this  readilj^  accounts  for  the  extinguished  desire  for  the  opposite  sex. 
So  important  a  part  is  played  by  the  imagination  in  all  sexual  acts 
that  the  onanist  comes  to  rely  upon  extravagant  mental  pictures  of  a 
lewd  nature  to  intensify  the  pleasure  which  he  derives  from  his  ab- 
normal act.  These  abnormal  psychical  conditions  may  far  exceed  in 
effectiveness  nature's  physiological  incentives,  and  after  a  period  of 
excess  with  ever-increasing  extravagance  and  mental  excitement  all 
desire  for  normal  coitus  becomes  extinguished  and  impotence  results. 

Instances  have  been  recorded  of  indi^aduals  who  have  acquired 
such  power  over  the  ejaculatory  functions  that  while  all  desire  for 
actual  intercourse  was  absent  they  could  by  calling  up  the  imagery 
of  cei-tain  sexual  conditions  produce  pleasurable  orgasm  and  ejacula- 
tion, and  this  even  at  times  in  the  absence  of  erection ! 

Some  of  those  affected  with  impotence  of  the  psychical  variety  do 
not  have  it  in  its  absolute  form,  but  being  impotent  with  cei-tain 
women  and  under  certain  conditions,  are  to  be  regarded  as  relative 
impotents  only.  Strangely  and  unfortunately  as  it  may  appear,  this 
form  of  impotency  affects  many  married  men  who,  while  they  are 
unable  to  fulfil  the  husbandly  duties,  are  quite  normal  in  their  sexual 
powers  with  other  women,  or  at  least  with  certain  ones.  This  is  ac- 
counted for  in  a  certain  proportion  of  those  marriages  by  the  fact  that 
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love  lias  not  entered  into  the  compact,  and  may  not  be  wholly  the 
fault  of  the  male  partner.  The  highest  degree  of  voluptuous  pleasure 
attending  sexual  congress  is  probably  to  be  found  where  intense  love 
exists  upon  both  sides  in  a  marriage  between  two  normal  indi- 
viduals. 

If  indifference  exists  upon  either  side,  or  if  the  wife  is  of  a  cold  and 
repelling  nature,  manifesting  a  tendency  to  check  amorous  advances, 
there  may  gradually  develop  first  a  decrease  of  eagerness  with  which 
the  act  is  approached,  then  a  disinclination  with  increased  intervals 
between  the  acts,  and  finally  an  inability  to  perform  coitus  when  the 
attempt  is  made. 

Some  men  manifest  perversions  of  such  a  nature  that  they  are  able 
to  engage  in  intercourse  only  in  some  particular  place  or  when  the 
object  of  their  attentions  is  attired  in  some  particular  manner,  or 
wears  at  least  some  especial  article  of  dress,  such  as  shoes,  corsets, 
rustling  skirts,  or  the  like. 

Paranoiacs  are  often  impotent,  and  may,  as  in  the  case  related  by 
Hughes,  account  for  their  acquired  lack  of  virility  in  some  peculiar 
way.  This  patient  stated  that  "  mysterious  enemies"  robbed  him  of 
his  semen  during  sleep,  thus  bringing  about  the  state  of  impotence 
in  which  he^found  himself. 

Impotence  from  Irritable  Weakness. 

Not  only  is  it  requisite  for  perfect  sexual  union  that  desire  be 
present  and  erection  occur,  but  the  latter  must  be  maintained  for  a 
sufficient  period  of  time  to  permit  of  a  series  of  mechanical  move- 
ments within  the  vagina,  by  which  a  stimulus  is  reflected  to  the 
ejaculatory  centre. 

By  the  term  irritable  impotence  we  mean  the  inability  to  main- 
tain a  vigorous  and  lasting  erection  until  such  time  as  an  orgasm  nat- 
urally occurs ;  or  the  premature  ejaculation  of  the  semen,  perhaps 
before  an  entrance  has  been  effected  at  all  or  just  as  the  penis  is  pass- 
ing into  the  vagina.  The  sexual  instinct  may  be  strongly  developed, 
the  erection  itself  may  be  equally  strong  at  first,  but  at  the  moment 
when  all  depends  upon  its  remaining  firm  the  rigidity  suddenly 
leaves  it,  and  a  sense  of  shame  overcomes  the  man,  who  sees  in  such 
an  occurrence  nothing  but  loss  of  manly  vigor  and  disgrace.  The 
case  is,  however,  not  so  hopeless  as  the  patient  generally  thinks.  He 
is  usually  of  a  nervous  disposition,  perhaps  neurasthenic,  easily  ex- 
cited, and  impulsive.  There  is,  as  a  rule,  a  history  of  onanism  hav- 
ing been  practised  with  more  or  less,  perhaps  excessive,  frequency. 
The  passage  of  a  sound  discloses  a  hypersensitive  prostatic  portion  of 
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the  urethra,  and  the  eudoscopic  tube  demonstrates  a  hyperaemic  state 
of  the  mucous  membrane  in  this  region.  It  is  not,  therefore,  so  sur- 
prising that  the  delicate  nerves  here  situated  shoukl  respond  prema- 
turel}'  to  an  apiount  of  stimulation  which  in  a  man  of  healthy  parts 
would  need  to  be  maintained  for  a  considerable  time,  and,  indeed, 
added  to  by  stimulation  of  another  kind  in  order  to  bring  about  the 
same  result. 

The  whole  course  of  the  canal  may  be  more  sensitive  than  is  nat- 
ural, but  it  is  especially  in  the  region  of  the  jjrostate  that  the  mucous 
membrane  is  exquisitely  tender  and  often  bleeds  upon  the  passage  of 
an  instrument. 

Oxaluria  can  in  many  cases  be  shown  to  exist  by  the  discovery  in 
the  urine  of  octahedral,  rounded,  or  dumbbell  crystals  of  calcium 
oxalate.  These  are  capable  of  maintaining  a  considerable  degree  of 
irritation,  and  are  in  some  instances  undoubtedly  responsible  for  a 
certain  amount  of  the  sexual  feebleness  and  hypochondriasis,  and 
hence  for  the  impotence. 

Uric  acid  in  excess  is  a  frequent  accompaniment  in  these  neurotic 
subjects,  and  this,  too,  helps  to  protract  the  results  of  local  irritation. 
Along  with  these  findings  of  the  microscope  spermatozoa  are  often  to 
be  discovered,  showing  that  the  condition  of  spermatorrhoea  may 
likewise  be  present. 

If  the  mouths  of  the  ejaculatory  ducts  are  looked  at  through  the 
urethroscope,  they  are  found  to  be  patulous,  while  in  health  they  are 
scarcely  discernible.  This  would  account,  in  part  at  least,  for  the 
ready  escape  of  spermatic  fluid  at  unnatural  times. 

A  history  of  preceding  gonorrhoeal  infection,  extending  perhaps  to 
the  deep  urethra,  can  often  be  elicited.  The  inflammation  set  up  in 
the  prostatic  urethra  may  be  an  etiological  element  to  be  added  to  the 
other  causes  enumerated,  or,  in  the  absence  of  a  history  of  onanism, 
may  stand  alone  as  the  chief  factor,  in  that  a  period  of  impotence, 
usually  quite  short,  may  follow  close  upon  a  deep  urethritis  w^hich 
has  been  complicated  with  eijididymitis,  prostatitis,  etc. 

Paralytic  Impotence. 

In  this  form  there  is  no  erection  at  all.  This  is  the  rule ;  but,  not 
to  draw  our  lines  too  closely,  let  us  say  that  a  normal  erection  rarely 
occurs.  There  is  also  an  almost  complete  absence  of  sexual  desire. 
From  whatever  primary  cause' this  variety  of  impotence  may  origi- 
nate (diabetes,  locomotor  ataxia,  morphinism,  etc.),  there  is  always 
paralysis  of  the  bulbocavernosi  muscles,  to  whose  conti'action  is  due 
the  forcible  projection  of  the  semen  along  the  canal  of  the  urethra. 
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As  Sb  result  of  this  paralysis  such,  emissions  as  occur  are  of  a  weak 
and  dribbling  character.  The  whole  motor  apparatus  of  the  genital 
tract  may  participate  in  the  weakness,  and  the  secreting  functions 
may  be  in  a  low  state  of  vigor. 

Although  mention  has  been  made  of  diabetes  and  tabes  as  pri- 
mary conditions  followed  by  this  form  of  impotence,  these  as  well  as 
other  pronounced  systemic  affections  antedating  the  first  manifesta- 
tions of  sexual  weakness  may  themselves  have  an  origin  in  sexual  ex- 
cesses, onanism,  etc. 

The  diagnosis  of  both  diseases  referred  to  may  at  times  be  sug- 
gested by  the  failing  powers.  The  sexual  functions  are  disturbed  in 
one  way  or  another  in  about  fifteen  per  cent,  of  all  cases  of  tabes  in  its 
initial  stages,  and  when  the  disease  is  fully  established  impotence  is 
present  in  nearly  sixty  per  cent.  The  same  is  true  of  diabetes  in  a 
more  limited  sense. 

Sexual  excesses  in  themselves  exhaust  vitality  by  drawing  more 
and  more  largely  upon  nerve  force.  The  amount  of  stimulation  must 
be  ever  increased  to  produce  the  given  result,  the  sensibilities  become 
gradually  blunted,  perhaps  up  to  a  point  of  complete  disappearance, 
or  the  power  to  produce  an  incomplete  erection  may  persist  more  as 
an  aggravation  than  as  a  source  of  satisfaction. 

In  addition  to  the  causes  of  impotence  so  far  enumerated  under 
the  different  varieties  in  this  classification,  there  are  many  others 
which  we  will  briefly  mention.  Injuries  to  the  cord  from  accident  or 
disease,  especially  when  involving  that  region  from  which  spring  the 
nerves  governing  sexual  processes,  chronic  myelitis,  etc.,  are  often 
followed  by  shrinkage  of  the  genitals  in  form  as  well  as  in  function. 
Diseases  of  the  brain,  hemorrhage  into  its  substance,  softening  of  its 
tissue,  or  pressure  upon  it  by  new  growths,  and  syphilitic  affections 
involving  its  structure,  all  may  be  followed  by  impotence  of  pro- 
nounced degree.  Syphilis,  when  it  does  not  affect  the  brain,  but 
produces  a  marked  cachexia,  as  well  as  other  systemic  diseases  at- 
tended with  anaemia  and  nerve  involvement,  such  as  Bright 's  disease, 
leprosy,  phthisis,  etc.,  often  lead  to  impotence. 

There  are  many  drugs  possessed  of  power  to  decrease  or  destroy 
potency.  Among  them  may  be  mentioned  opium,  cannabis  indica, 
tobacco,  iodine  and  iodides  long  continued,  bromine  and  bromides, 
alcohol,  camphor,  lead,  nitrate  of  potassium,  arsenic,"  and  the  fumes 
of  antimony.  Dr.  Corput,  of  Brussels,  has  called  attention  to  the 
diminution  of  virile  power  and  complete  immobilization  of  sperma- 
tozoids,  as  shown  by  the  microscope  after  the  administration  of 
internal  antiseptics,  and  especially  of  salicylic  acid.  Beer  in 
excess    is    said  to    lead    finally  to    marked    decrease    in    virilitj^ 
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and  it  is  well  known  that  stronger  spirits  habitually  and  freely  in- 
dulged in  lead  to  an  impotent  state. 

Excessive  horseback  riding,  and  probably  this  will  ai)ply  equally 
to  bicycling,  may  cause  atrophy  of  the  testes,  and  thus  lead  to  a  state 
of  impotence ;  but  such  a  cause  must  be  of  rare  occurrence. 

SYirPTOilATOLOGY. 

The  symptoms  attending  impotence  are  largely  those  of  the  con- 
comitant genital  defect,  often  a  state  of  seminal  incontinence,  or  the 
underlying  constitutional  disease  plus  the  manifestations  of  the  sex- 
ual hypochondi'iasis,  which  is  almost  certain  to  result  to  the  patient 
from  his  knowledge  or  belief  that  he  is  impotent.  True  or  false  im- 
potence alike  carries  with  it,  from  the  moment  of  its  discovery,  a  sub- 
jective sense  of  degradation  and  depression.  There  is  a  peculiarly 
strong  nervous  bond  connecting  the  genital  organs  with  the  brain  and 
nervous  system,  and  the  loss  of  function  in  the  former  is  reflected 
upon  the  latter  system  of  organs.  The  man  who  imagines  himself 
the  victim  of  impotence  because  of  nocturnal  or  diurnal  losses  of 
semen,  or  of  fluid  which  he  supposes  to  be  such,  without  having  had 
any  real  indication  that  impotence  is  actually  present,  manifests  a 
train  of  symptoms  quite  as  marked  and  distressing  as  he  who  is  truly 
a  subject  of  the  affection.  The  symptoms  are  mostly  subjective,  for, 
aside  from  the  observation  of  abnormalities  of  conformation,  unde- 
"veloped  organs,  etc.,  hermaphroditism,  and  those  resulting  from  acci- 
dent and  disease,  which  are  apparent  to  the  eye  or  discoverable  upon 
examination  with  insti-uments  of  precision,  we  must  depend  upon  .the 
patient's  account  of  himself  for  the  data  upon  which  to  base  a  diag- 
nosis. 

In  psychical  impotence  there  are  no  symptoms  justly  referable  to 
the  genital  organs,  since  the  latter  are  in  a  sound  state. 

Pbognosis. 

This  necessarily  varies  with  the  form  of  impotence  imder  coDsid- 
eration.  In  the  organic  it  is  for  the  most  part  unfavorable  and  de- 
pends largely  ujion  the  feasibility  of  surgical  interference  for  the  cor- 
rection of  the  abnormality.  In  the  psychical  and  irritable  forms  a 
favorable  prognosis  can  usually  be  given ;  the  organs  are  normal,  and 
desire  and  the  power  to  produce  erection  are  present,  so  that  treatment 
directed  to  the  nervous  excitability,  combined  with  local  and  general 
measures  of  a  rational  kind,  and  supplemented  by  sexual  hygiene,  is 
all  that  is  required  to  bring  about  recovery.     In  the  paralytic  form 


608       ALLEN — DISOEDEES  OP  THE  MALE  SEXUAL  OEGANS. 

the  question  is  no  longer  of  sucli  ready  solution,  and  in  general  the 
prognosis  is  decidedly  bad. 

If  by  appropriate  measures  the  tone  of  the  genital  organs  can  be 
restored,  a  favorable  outcome  can,  however,  be  predicted  even  in  cases 
in  which  the  condition  has ,  been  brought  about  by  excessive  onan- 
ism. Naturally,  there  must  be  complete  abstention  from  the  habit. 
Appropriate  local  treatment  and  faradization  lead  not  infrequently  to 
gratifying  results. 

In  impotence  coming  on  after  the  age  of  forty  years  the  prognosis 
must  be  very  guarded,  and  the  patient  should  be  reminded  that  copu- 
lative power  naturally  diminishes  after  this  age,  so  that  a  restoration 
to  pristine  vigor  is  scarcely  to  be  expected. 

Teeatment. 

As  intimated  above,  a  certain  proportion  of  cases  of  organic 
impotence  may  be  remedied  by  surgical  procedure.  Most  cases 
falling  under  the  physician's  notice  are,  however,  of  the  class  at- 
tributed to  irritable  weakness,  there  being  a  history  of  onanism  or 
excesses,  and  the  prominent  symptom  being  a  too  precipitous  ejacu- 
lation. In  these  the  chief  indication  is  the  reduction  of  the  hyper- 
sesthesia  and  superexcitation.  To  accomplish  this,  local  measures  are 
of  paramount  importance.  They  must  be  carried  out  with  regularity 
and  the  most  minute  attention  to  detail.  As  adjuvants  to  the  topical 
applications  which  we  shall  presently  consider,  we  must  include 
tonics,  containing  probably  with  most  benefit  qiiinine  and  iron,  or 
such  drugs  as  the  particular  case  may  seem  to  call  for;  hydrothera- 
peutic  measures,  change  of  air,  rest  in  a  quiet  country  place,  etc. 
In  addition  to  these,  we  must  employ  means  to  excite  erection  at 
appropriate  stages  of  the  treatment  and  bring  about  situations  which 
will  tend  to  restore  the  patient's  confidence  in  himself  and  in  his 
returning  powers.  In  the  paralytic  form  the  same  local  procedures 
are  to  be  employed,  in  addition  to  a  line  of  treatment  having  for  its 
aim  the  production  of  erection.  The  manner  of  accomplishing  this 
will  be  spoken  of  below.  Faradization  is  here  indicated,  and  it  is  in 
this  form  alone  that  it  is  especially  useful. 

We  will  now  speak  of  treatment  as  applicable  to  the  different 
forms  more  in  detail. 

Among  the  abnormalities  which  will  require  surgical  operation 
before  the  impotence  which  they  occasion  can  be  relieved,  may  be 
mentioned  shortness  of  the  frenulum.  Genital  hypergesthesia,  lead- 
ing to  ejaculation  ante-porfajn  as  well  as  to  genital  perversions,  may 
depend  upon  this  cause  alone.     Cases  are  recorded  in  which  there 
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was  even  an  absence  of  histoiy  of  ouanism ;  the  premature  ejacula- 
tion rendering  coitus  impossible  had  finally  brought  on  sexual  per- 
versions of  a  homosexual  character,  and  it  was  only  after  incision  of 
the  frenulum  that  coitus  had  been  performed  for  the  first  time  in  the 
normal  way. 

Adhesions  of  the  penis  to  the  scrotum,  luxation  of  the  penis  into 
the  scrotum,  or  of  the  testicle  into  the  penis,  enlargement  of  the 
dorsal  veins  of  the  penis  permitting  a  too  early  outflow  of  blood, 
deviations  of  the  erect  organ  to  one  side  as  a  congenital  condition  or 
following  injury  of  the  urethra,  infiltrations,  deposits,  or  concretions 
in  the  corpus  cavernosum,  hypospadias,  epispadias,  etc.,  are  condi- 
tions which  are  generally  amenable  to  surgical  correction. 

In  the  same  way  obstructions  in  the  genital  area,  such  as  hernias 
of  large  size,  scrotal  tumors,  hydrocele,  elephantiasis,  etc.,  are  capa- 
ble of  cure,  and  then  impotence  depending  upon  them  vanishes. 

Hyperaesthesia  of  the  prostatic  urethra  may  be  maintained  by  an 
abnormally  long  prepuce  and  disappears  promptly-  upon  circumcision 
being  practised.  Impotence  or,  more  correctly  speaking,  pseudo- 
impotence,  results  in  the  same  way  at  times  from  stricture  just  within 
the  meatus  or  from  an  abnormally  contracted  meatus,  and  relief  fol- 
lows meatotom3^  If  the  source  of  irritation  cannot  be  located  at 
this  extremity  of  the  penis,  it  may  be  found  at  the  other,  and  the 
bladder  should  be  explored ;  or  perhaps  the  irritation  will  be  found 
to  start  from  the  rectum.  Stricture  of  the  urethra  in  any  portion  of 
the  canal  may  require  division  before  the  concomitant  impotence  will 
disappear. 

In  any  of  these  conditions,  whatever  surgical  work  is  done  must  be 
supplemented  with  much  from  the  realm  of  sexual  hygiene,  the  cor- 
rection of  errors  of  urinary  function,  restrictions  of  diet,  etc. 

Psychical  impotence  being  purel}^  functional  and  presenting  no 
demonstrable  anatomical  changes,  requires  a  somewhat  modified 
course  of  treatment.  Since  many  cases  originate  in  prolonged  sexual 
desire  which  has  been  ungratified,  such  as  that  induced  by  long  en- 
gagements and  the  constant  association  with  a  fiancee  or  other  whose 
presence  can  result  in  nothing  but  excitement  without  relief,  sexual 
rest  must  be  enjoined.  The  first  and  all  important  element  in  these 
cases  is  to  gain  the  patient's  full  confidence,  whether  the  weakness  be 
due  to  emotional  causes,  to  financial  reverses,  or  merely  to  failure  in 
the  first  attempt  at  copulation,  without  any  tangible  cause  behind 
it  other  than  a  nervous  excitable  disposition.  This  being  accom- 
plished, suggestion  is  the  only  needful  remedy  to  apply.  This  is  not 
of  necessity  to  be  made  during  hypnotic  sleep,  for  waking  suggestion 
suffices.  The  confident  statement  and  assurance  of  the  physician 
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tliat  full  vigor  will  return,  if  made  impressive,  will  be  a  suggestion  of 
sufficient  force  oftentimes  to  accomplish,  the  desired  result.  Natu- 
rally, in  any  form  of  impotence  which  has  resulted  from  onanism, 
it  must  be  a  sine  qua  non  that  this  vicious  liabit  is  wholly  abstained 
from. 

To  overcome  the  hypersemia  and  hypersensitiveness  of  the  deep 
urethra  in  irritable  weakness,  steel  sounds  should  be  passed,  either 
daily  or  every  second  or  third  day  for  a  time.  Tlie  size  of  tlie  instru- 
ment must  be  sufficient  to  accomplish,  the  object  of  distention  of  tlie 
canal.  Any  source  of  irritation  or  obstruction  in  the  canal,  sucli  as 
constricted  meatus  or  deeper  stricture,  must  be  removed.  As  a  gen- 
eral rule,  the  sound  should  be  left  lying  for'  sonie  minutes  in  the 
canal;  the  less  sensitive  the  urethra  the  longer  can  this  period  be 
made.  Some  cases  improve  more  rapidly  when  a  mild  galvanic  cur- 
rent is  ax^plied  by  means  of  a  metallic  bulb  attached  to  the  negative 
pole,  which  is  introduced  as  far  as  the  prostatic  portion  and  through 
which  a  current  of  mild  intensity  is  allowed  to  pass  for  several 
minutes.  A  milliamperemeter  should  always  be  used,  the  current 
being  graduated  so  that  no  caustic  effect  of  electrolysis  is  produced. 
Three  to  five  milliamperes  are  usually  sufficient,  and  still  milder  cur- 
rents may  be  advantageously  employed  for  securing  a  soothing  effect. 
The  positive  sponge  electrode  may  be  placed  over  the  perineum  or 
held  hj  the  patient  in  the  handj  while  the  current  passes  for  a  few 
minutes,  or  a  large  flat  sponge  electrode  may  be  used  over  the  spinal 
region.  There  should  be  a  strict  avoidance  of  sexual  excitement 
during  this  course  of  treatment,  and  in  the  intervals  of  the  sSances 
there  should  be  secured  as  much  genito-urinary  rest  as  possible. 
Oxaluria,  phosijhaturia,  or  other  urinary  disturbance  should  be 
sought  out  and,  if  possible,  corrected.  Sedatives  may  be  of  use  in 
allaying  spasm  or  irritation  in  the  canal. 

If  erotic  desires  are  not  readily  controlled,  the  society  of  young 
women,  the  reading  of  suggestive  books,  or  the  contemplation  of  pic- 
tures or  witnessing  of  plays  which  might  excite,  should  be  avoided, 
while  gymnastics,  out-of-door  exercises,  and  spoiis  should  if  possible 
largely  engross  the  attention. 

If  the  passage  of  sounds  or  the  use  of  electricity  has  not  wholly 
restored  the  integrity  of  the  canal,  any  patch  of  inflammation  which 
remains  is  best  cauterized  by  the  instillation  of  a  few  drops  of  strong 
silver  solution  with  an  Ultzmann  deep  urethral  or  similar  syringe. 

Dittel's  porte-reriiMe  may  likewise  be  employed  for  this  purpose. 
The  instrument  is  first  passed  to  the  point  at  which  the  cauterization 
is  to  be  made,  and  then  a  small  cacao-butter  suppository  containing 
2  cgm.  or  thereabouts  of  niti-ate  of  silver  is  pushed  do^-n  through  the 
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tube  and  deposited  in  the  canal.  The  pain  and  tenesmus  following  thi.s 
procedure  are  usually  severe,  and  it  is  advisable  to  order  rest  in  bed 
and  the  application  of  cold  to  the  perineum  by  means  of  compresses. 

Tamiiu,  lead,  and  like  substances  can  be  api^lied  in  the  same  man- 
ner. I  have  recently  employed  a  similarly  constructed  instrument, 
which  carries  the  suppository,  fixed  in  its  distal  extremity,  to  the  de- 
sired portion  of  the  canal,  where  the  obturator  presses  it  out.  Airol, 
the  latest  substitute  for  iodoform,  has  seemed  to  me  to  possess  ad- 
vantages for  use  in  this  waj'. 

A  sedative  effect  may  also  be  obtained  by  cold  applied  directh'  to 
the  prostatic  urethra  by  means  of  the  Winternitz  psychrophore,  a 
double-tubed  hard-rubber  sound,  or  by  a  metallic  cooling  sound  con- 
structed upon  the  same  principle.  .Here  we  have  the  advantages  of 
mechanical  pressure  combined  with  the  cooling  effect  of  a  current  of 
water  whose  temperature  has  been  reduced  to  52''  F.  or  thereabout. 
The  jet  passing  through  the  inner  or  male  tube  is  projected  against 
the  beak  of  the  outer  or  female  tube,  through  which  it  returns  and 
flows  away.  This  stream  should  be  kept  up,  according  to  the  degree 
of  irritation  to  be  subdued  and  the  results  obtained,  for  from  five  to 
eight  or  ten  minutes  at  each  sitting.  A  similar  device  can  at  times 
be  advantageously  employed  through  the  rectum,  the  end  of  the  sound 
resting  opposite  the  prostatic  portion,  or  a  course  of  rectal  douching 
may  be  carried  out.  The  ascending  cold  douche  directed  against  the 
perineum  each  morning  has  also  sometimes  a  beneficial  action. 

The  rectal  electric  bulb,  especially  for  faradization,  gives  in  some 
cases  very  favorable  results.  The  fact  that  local  irritation  of  the  rec- 
tum is  often  sufficient  to  excite  erection  must  be  utilized  in  certain 
instances.  Another  method  of  producing  the  same  effect  is  by  the 
methodical  passing  of  cool,  highly  polished,  steel  sounds,  or  the  pro- 
gressive bougie  cui'e.  Appliaiices  have  been  devised  for  drawing 
blood  into  the  organ  by  means  of  an  exhaust  pump  in  which  the  penis 
is  enclosed.  At  times  these  have  succeeded  well  in  instances  where 
erections  have  been  feeble  and  evanescent. 

It  is  probable  that  a  certain  mental  effect  goes  with  the  mechan- 
ism. Indeed,  so  great  is  the  effect  of  the  mind  that,  in  many  of 
these  cases,  it  is  only  necessary  for  us  to  forbid  any  attempt  at  coitus, 
when  a  placebo  will  soon  act  so  powerfully  that  an  infi'ingement  of 
our  rule  will  demonstrate  to  the  patient  that  he  is  well.  I  have  suc- 
ceeded in  several  instances  by  instructing  the  patient  not  to  think  of 
having  connection  for  a  certain  prescribed  period,  according  to  the 
nature  of  the  case,  then  not  to  think  of  coitus  at  night,  but  to  take 
advantage  of  the  erection  on  first  awakening  to  caiTy  out  the  act. 

The  paralytic  form  of  impotence  resists  all  forms  of  treatment. 


612       ALLEN— DISOEDEES  OF  THE  MALE  SEXUAL  OEGANS. 


Spermatorrhoea. 

True  spermatorrhoea,  in  whicli  there  is  a  passive  escape  of  semi- 
nal fluid  in  the  absence  of  erection  and  unattended  with  the  sensations 
which  accompany  normal  ejaculation,  is  by  comparison  a  rare  condi- 
tion. Under  this  term,  however,  are  generally  included  all  varieties 
of  seminal  incontinence  not  depending  upon  coitus  or  onanism  as  the 
immediate  exciting  cause  of  the  discharge.  The  term,  therefore,  as 
we  shall  employ  it,  embraces  nocturnal  as  well  as  diurnal  inconti- 
nence, and  the  spermatorrhoea  of  defecation  or  false  spermatorrhoea. 

Nocturnal  incontinence,  pollutions,  or  seminal  emissions,  as  the 
latter  term  is  habitually  employed,  are  expressions  which  convey  the 
idea  of  an  emptying  of  the  seminal  vesicles  during  sleep,  attended  or 
not,  as  the  case  may  be,  by  erotic  or  lascivious  dreams,  by  visions  of 
nude  women  and  of  amorous  situations.  There  is  present  in  this 
loss  of  semen  a  natural  erection  and,  to  judge  from  the  quality  of  the 
dreams,  the  sensations  are  the  same  as  those  experienced  in  the  ejac- 
ulation of  coitus. 

These  emissions  occur  in  health  with  a  varying  degree  of  fre- 
quency, and  it  is  only  when  this  frequency  is  increased  beyond  a  cer- 
tain point,  and  especially  when  the  erection  and  sensation  are  absent, 
and  more  than  all  when  the  subject's  general  well-being  begins  to  suf- 
fer, that  they  are  to  be  looked  upon  as  pathological.  It  is,  however, 
quite  consistent  with  health  that  an  occasional  pollution  should  not 
awaken  one  from  a  sound  sleep,  and  in  the  morning,  while  no  dream 
can  be  recalled,  the  objective  evidences  alone  make  its  occurrence 
known. 

Diurnal  emissions  of  semen  are  of  a  more  serious  nature,  and  they 
can  never  be  looked  upon  as  normal.  They  take  place  in  some  indi- 
viduals from  very  slight  causes,  which  may  be  psychical  or  mechani- 
cal, or  both  causes  may  be  conjointly  operative.  Under  the  designa- 
tion of  diurnal  incontinence  should  be  included  cases  in  which  semen 
containing  spermatozoids  escapes  during  the  act  of  urination.  A  care- 
ful examination  of  the  urine  in  patients  giving  a  history  and  present- 
ing symptoms  which  cause  such  a  state  of  affairs  to  be  suspected,  will 
often  reveal  the  presence  of  spermatozoa,  but  it  must  be  remembered 
that  the  urine  may  wash  out  of  the  canal  the  remnant  of  a  normal 
ejaculation.  These  cases  are  for  the  most  part  obstinate,  and  the 
symptoms  produced  by  this  more  or  less  continuous  drain  are  often 
severe.  A  chronic  posterior  urethritis  with  threads  and  shreds  in 
the  urine  is  a  frequent  accompaniment,  and  prostatitis  may  exist  co- 
incidently  or  by  itself.     These  conditions  produce  congestion  and  ab- 
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normal  sensitiveness  of  the  prostatic  urethra,  and  induce  the  seminal 
incontinence  in  a  way  which  will  be  entered  into  more  fully  in  the 
section  on  Etiology. 

False  sjjermatorrhoea  shows  no  seminal  elements  in  the  discharge 
which  is  so  common  a  cause  for  spermatophobia  in  highly  sensitive 
individuals.  This  discharge  habitually  takes  place  during  or  just 
after  the  jDassage  of  fiTeces,  especially  when  constipation  induces  strain- 
ing and  the  stools  are  hard.  It  has,  therefore,  been  ai)tly  termed 
spermatorrhoea  of  defecation.  It  may,  however,  occur  from  other 
than  this  mechanical  cause  of  x>ressure  upon  the  deeper  glandular 
structures.  The  mucous  and  seminiferous  glands,  other  than  the 
testes,  with  which  the  genital  organs  are  supplied^  are  constantly  elab- 
orating fluids  whose  function  is  to  mingle  w^th  the  sperm  proper, 
serving  to  dilute  it  and  probably  in  many  ways  to  add  to  its  fecundat- 
ing value  and  the  viability  of  the  spermatozoids.  This  fluid,  derived 
mostly  from  the  mucous  glands  of  the  urethra  and  prostate,  may  be 
passed  during  sexual  excitement  or  during  straining  at  the  close  of 
urination,  and  is  often  erroneously  looked  upon  as  semen. 

The  mental  suffering  engendered  by  such  faulty  conclusions  upon 
the  part  of  men  of  nervous  proclivities  may  be  the  forerunner  of  se- 
rious symptoms,  leading,  perhaps,  to  hypochondriasis,  and  this  with- 
out any  loss  of  sjjermatozoids  at  all. 

To  establish  and  maintain  a  constant  distinction  between  sperma- 
torrhoea which  contains  and  that  which  does  not  contain  the  elements 
of  life,  a  microscopical  examination  would  have  to  be  made,  not  only 
in  every  case  but  at  every  expulsion  of  a  suspected  fluid.  Such  abso- 
lute accuracy  is,  however,  not  called  for,  because  we  know  that  it  is 
quite  consistent  with  good  health  to  observe  as  a  result  of  physical 
causes  an  occasional  discharge,  in  which  spermatozoa  are  present. 
This  must  be  looked  upon,  when  not  habitual,  as  an  accident  due  to 
phlethora,  having  little  or  no  significance.  If  the  seminal  vesicles 
become  overdistended,  and  coitus,  onanism,  or  nocturnal  incontinence 
does  not  come  into  play  to  give  the  necessary  relief,  it  is  neither  to 
be  wondered  at  nor  regarded  as  pathological  that  muscular  effort 
should  under  certain  circumstances  force  out  some  of  the  fluid. 

The  general  rule  holds  good,  however,  that  evacuation  of  semen 
in  the  waking  state,  and  in  the  absence  of  coitus  or  mechanical  irri- 
tation, is  not  consistent  with  perfect  health. 

Etiology. 

The  causes  of  the  various  forms  of  seminal  incontinence  differ  so 
much  from  each  other  that  we  must  consider  them  separatelj'. 
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Seminal  Emissions. 

Tliis  is  the  commonlv  employed  designation  for  losses  of  seminal 
fluid  during  sleep,  whicli  process  is  a  physiological  one  in  all  normal 
human  males  during  the  period  of  their  active  sexual  life,  provided 
the  seminal  vesicles  are  not  kept  in  some  other  way  from  distention. 
So  long  as  they  remain  within  certain  bounds  of  frequency,  and  are 
limited  in  their  effects  to  a  promotion  of  the  individual's  well-being, 
they  concern  us  only  in  an  incidental  way.  From  the  moment, 
however,  that  they  become  frequent  and  are  followed  by  such 
general  symptoms  as  languor,  dull  headaches,  inappetence,  neural- 
gic pains,  and  signs  of  genital  irritation,  they  pass  from  the  realm 
of  physiology  into  that  of  pathology,  and  we  must  seek  out  the 
causes  which  have  dominated  this  change.  Chief  among"  them  will 
usually  be  found  onanistic  practices.  We  must  not  be  too  hasty 
in  our  conclusion  that  because  nocturnal  pollutions  are,  as  they  seem 
to  us,  abnormally  frequent  in  an  individual  who  gives  a  history 
of  having  practised  self-abuse,  the  former  is  to  be  regarded  as  a 
pathological  process  depending  upon  the  latter  as  the  chief  etiologi- 
cal factor.  The  frequency  with  which  emissions  may  occur  in  per- 
fect compatibility  Tvdth  good  health  varies  within  very  wide  limits, 
and  just  as  one  individual  may,  by  reason  of  his  greater  sexual  vigor, 
practise  coitus  at  intervals  which  would  be  disastrous  to  another,  so 
may  nocturnal  losses  occur  with  equal  frequency  in  two  cases,  being 
physiological  in  the  one  and  pathological  in  the  other. 

It  is,  then,  more  the  effect  upon  the  general  health  which  must 
guide  us  than  the  number  of  days  which  intervene  between  the  emis- 
sions. The  normal  pollution  takes  place  in  response  to  a  well-estab- 
lished law  of  nature.  When  unnatural  stimulation  is  supplied  to  the 
generative  organs,  by  allowing  the  mind  to  dwell  upon  suggestive 
thoughts,  the  eye  to  rest  upon  immoral  i)ictures,  the  ear  to  lend  itself 
to  lewd  and  lasci\dous  song  and  story,  then  that  which  was  previously 
a  throwing-off  of  a  normally  accumulated  secretion  at  necessary  in- 
tervals, becomes  an  irritable  expulsion  of  an  over-secretion  due  to  un- 
natural excitation.  The  first  process  should  give  a  feeling  of  relief 
and  benefit;  the  second  reacts  upon  the  general  system,  and  by  a 
combined  local  and  mental  effect  may  lead  to  the  most  deplorable 
consequences.  No  time  limit  can  be  set  upon  healthy  nocturnal  in- 
continence. Some  men  in  perfect  health  and  continent  very  rarely 
have  emissions.  Others  in  apparently  equal  physical  condition  will 
have  an  average  of  one  emission  every  week  or  ten  days.  Much  must 
necessarily  depend  upon  the  amount  of  sexual  excitement  which  in- 


SPERMATORUHGEA.  615 

fluences  the  secretion  of  the  vurious  tluicls  by  the  seminiferous  glands 
in  the  different  cases. 

^lieu  we  i:)ass  to  a  consideration  of  strictly  abnormal  emissions 
during  sleep,  many  causative  factors  present  themselves,  and  we  rec- 
ognize the  tendency  on  the  part  of  the  ejaculatory  organs  to  be  ex- 
cited in  their  functional  activity  by  a  variety  of  irritative  agents  in 
both  a  direct  and  a  reflex  manner. 

As  we  have  already  stated,  onanism  is  undoubtedly  one  of  the 
most  p(^teut  causes  of  exaggerated  incontinence ;  and  still,  while  the 
habit  is  being  vigorously  pursued,  emissions  do  not  take  jjlace  with 
any  marked  degree  of  frequency,  simply  because  the  vesicles  are  kept 
emptied.  If,  as  sometimes  happens,  pollutions  occur  as  one  of  the 
symj^toms  of  a  grave  constitutional  disorder,  such  as  disease  of  the 
spinal  cord  or  brain,  epilepsy,  etc.,  their  frequency  may  not  be 
markedly  decreased  by  the  fact  that  onanism  or  coitus  is  being  regu- 
larly practised. 

Nervous  exhaustion,  debility,  anaemia,  and  deviations  from  health 
which  bring  about  disturbances  of  the  body's  nutrition  and  of  its  re- 
flex centres,  act  as  x^redisposing  causes  of  seminal  incontinence. 
Heredity  no  doubt  is  responsible  for  much  in  this  connection,  by 
its  influence  upon  the  development  both  of  nervous  disorders  and  of 
vicious  sexual  instincts  and  practices.  In  the  family  history  of  sexual 
perverts  there  is  usually  to  be  elicited  an  account  of  insanity,  epi- 
lepsy, nervous  disorders,  alcoholism,  or  sexual  inversion  itself,  as 
this  term  is  intended  to  be  understood  by  Westphal.  Charcot  and 
Magnan'  also  regarded  many  of  these  states  as  evidence  of  hereditary 
degeneration.  Chevalier  is  undoubtedly  correct,  however,  in  his  di- 
vision of  these  cases  into  two  classes,  one  belonging  to  an  inversion 
malady  and  the  other  to  an  inversion  vice  :  and  this  classification  may 
equally  well  be  applied  to  onanism  as  to  other  perverse  sexual  acts. 

There  is  another  and  perhaps  stronger  argument  in  favor  of  the 
transmission  of  vice  of  sexual  function,  and  that  is  the  frequency 
with  which  we  see  the  sou  inherit  the  father's  peculiarities  and  vices 
of  sexual  conformation.  There  is  no  valid  reason  why  the  genital  or- 
gans should  be  exempt  from  the  law  which  governs  inheritance  of  trait 
and  disposition,  but  attention  has  been  called  to  this  region  of  the 
body  much  less  frequently  than  to  others  by  those  who  have  written 
upon  these  subjects. 

Just  as  a  parent  may  transmit  hypospadias  (I  have  in  mind  a 
father  and  three  sons,  all  with  the  same  degree  of  this  deformity),  so 
may  he  hand  down  as  an  inheritance  a  sexual  organization  of  extreme 
sensitiveness  or  irritability  and  a  tendency  to  those  conditions  and 
habits  which  lead  to  functional  derangement. 
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Incorttinence  of  urine  in  the  joutli  is  often  a  forerunner  of  incon- 
tinence of  semen  in  tlie  adult,  and  many  instances  in  mj  case  books 
attest  the  fact  that  "  wetting  the  bed"  as  a  child  was  a  failing  of  one 
of  the  parents  as  well. 

Gonorrhoea  favors  the  occurrence  of  spermatorrhoea  to  a  slight 
degree  hj  the  continence  it  necessitates,  and  to  a  greater  degree  by 
the  congestion  of  the  urethra  which  it  causes. 

In  many  instances  a  history  of  an  uncured  urethritis  will  be  giTen, 
and  appropriate  methods  of  examination  will  disclose  muco-purulent 
shreds  or  gonorrhoeal  threads,  in  which  gonococci  can  still  be  discov- 
ered. 

Other  forms  of  local  irritation  may  act  in  much  the  same  manner; 
thus  herpes  preputialis,  the  retention  of  smegma  behind  the  corona 
until  a  balanitis  has  been  established,  scrotal  eczema,  fissure,  and 
hemorrhoids  have  all  been  advanced  as  causative  agencies  in  the  pro- 
duction of  spermatorrhoea. 

Onajiism. 

This  term  is  preferable  to  that  of  masturbation  to  express  auto- 
sexual  indulgence,  because  the  latter,  derived  as  it  is  from  manus  and 
stuprare,  implies  that  the  self-pollution  or  defilement  must  be  accom- 
plished by  hand.  Such  a  word  conveys  an  inadequate  impression  of 
the  various  acts  which  should  be  covered  by  a  general  or  generic 
term,  which  must  include  many  deviations  from  natural  and  complete 
coitus  in  wedlock,  as  well  as  sexual  intercourse  made  incomplete  by 
withdrawing  the  penis  before  the  semen  is  emitted ;  coitus  in  os,  in- 
ter mammas,  etc. ,  mechanical  frictions  variously  applied,  and  even  a 
species  of  mental  or  psychical  onanism  in  which  no  mechanical  fric- 
tion at  all  is  required,  the  subject  relying  upon  the  imagery  which 
he  conjures  up  to  effect  orgasm  and  ejaculation. 

The  latter  form  is  very  unusual,  but  in  most  cases  a  central  as  well 
as  a  peripheral  irritation  is  at  work,  and  the  psychical  enhances  the 
mechanical  eft'ect. 

Another  reason  for  giving  the  preference  to  the  term  onanism  is 
that  if  it  be  true  that  Onan,  the  son  of  Judah,  was  the  first  to  put  into 
practice  a  habit  which  has  become  so  universal  and  has  brought  so 
much  misery  into  the  world,  his  name  deserves  to  be  perjjetuated. 

It  is  unquestionably  a  most  ancient,  though  it  cannot  be  consid- 
ered an  equally  honorable,  custom.  Its  practice  is  degrading,  dis- 
honorable, and  if  persisted  in,  disastrous.  Though  often  existing  as 
a  symptom  of  disease,  centrally  or  locally  established,  which  impels 
to  the  act,  it  is  more  commonly  a  voluntary  practice  which  has  been 
acquired  after  the  age  of  consciousness  of  right  and  wrong.     The  boy 
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is  usually  taught  by  an  older  companion,  more  rarely  at  an  earlier 
age  b\'  a  nurse,  perhaps  with  the  view  of  quieting  the  child  in  an  easy 
way  by  manipulation  of  the  genitals,  perhaps  from  motives  of  pure 
perversity.  Spontaneous  masturbation  may  occur  in  quite  youthful 
subjects.  Heyward  Smith  has  observed  it  at  the  age  of  two  years,  and 
I  have  myself  seen  a  boy  of  about  three  who  if  left  to  himself  would 
manipulate  his  small-sized  penis  almost  continuously  and  with  evi- 
dent pleasurable  sensations,  crying  and  struggling  when  restrained. 
In  such  cases  there  is  usually  a  local  source  of  irritation,  such  as  that 
supplied  by  an  adherent  or  tight  prepuce,  retained  smegma,  or  irrita- 
tion about  the  anus.  These  have  their  counterpart  in  those  instances 
occasionally  encountered  in  adults,  who  give  way  to  an  inordinate  de- 
sire and  masturbate  again  and  again,  often  in  quick  succession,  with- 
out securing  the  relief  sought  for  by  their  act.  While  such  excessive 
onanistic  acts,  when  habitual,  must  be  looked  upon  as  psychological 
in  the  main,  there  are  still  some  which  are  symptomatic  of  local  or 
general  disease  and  are  resorted  to  in  order  to  quell  unusual  sexual 
cravings  induced  by  seminal  vesiculitis  or  other  local  process,  or  are 
the  exponents  of  brain  or  nerve  lesion.  There  has  been  a  decided 
tendency  on  the  part  of  some  authors  to  minimize  the  evil  effects  of 
onanism  in  youth.  The  promulgation  of  such  views  is  calculated  to 
do  good  in  one  sense  and  harm  in  another.  Coming  as  they  do  from 
those  whose  wide  experience  entitles  them  to  speak,  they  partially 
counteract  the  evil  effects  of  that  species  of  quack  literature  which  has 
a  decided  tendency  to  frighten  subjects  of  youthful  error,  who  would  be 
more  injured  through  the  horror  inspired  by  the  lurid  descriptions  of 
"lost  vitality"  than  they  would  ever  be  by  the  direct  result  of  their 
perhaps  thoughtless  acts.  It  is  the  morbid  brooding  over  the  habit 
fostered  by  these  pernicious  pamphlets,  which  are  put  into  the  hands 
of  every  schoolboy  throughout  the  land,  that  so  often  leads  to  melan- 
cholia in  those  already  mentally  weak  or  nervously  predisposed. 
That  concerted  effort  is  not  made  by  educational  and  philanthropic 
institutions  to  stamp  a  heel  of  condemnation  and  annihilation  upon 
the  head  of  this  insinuating  vampire,  the  distributor  of  obscene  and 
quack  sexual  literature,  is  a  reproach  to  our  twentieth  century  ad- 
vance. 

While  too  much  mystery  is  thrown  around  the  sexual  function  and 
the  whole  subject  of  generation,  and  youthful  curiositj'  and  thirst  for 
knowledge  are  left  unwisely  to  be  appeased  by  partial  truth  from  those 
ill-fitted  to  instruct,  still  I  would  not  advocate  indiscriminate  attempts 
to  teach  very  young  children.  Examination  of  first  classes  in  physi- 
ology in  the  public  school  shows  how  ludicrously  erroneous  is  the 
knowledge  most  young  children  are  capable  of  acquiring  in  the  sim- 
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plest  matters  of  digestion  and  circulation.  Tlie  subject  of  the  sexual 
functions  would  not  be  mastered,  but,  instead,  curiosity  would  be  ex- 
cited concerning  matters  upon  whicli  tlie  mind  had  hitherto  dwelt  but 
in  a  passing  manner.  Up  to  a  certain  point,  the  simple  rule,  "  Hands 
off, "  without  explanation,  will  be  more  efficacious.  Few  children  re- 
cjuire  further  information  than  "  that  it  harms  the  grass"  to  cause 
them  to  obey  the  "  Keep  off  "  notice  in  the  park.  They  do  not  have 
to  be  told  how  the  seed  germinates,  nor  enter  upon  the  study  of  bot- 
any until  later.  A  certain  amount  of  harm  has  been  done,  it  seems 
to  me,  and  advance  in  these  matters  has  been  retarded  by  writers  of 
legitimate  medical  literature,  who  treat  of  self-abuse  as  something  in 
which  all  boys  indulge  at  one  time  or  another  as  the  natural  initia- 
tion into  their  sexual  life,  and  which  is  not  so  harmful  as  it  is  re^jre- 
hensible. 

Onanism  in  Animals. — In  talking  at  various  times  with  keepers  of 
the  animals  in  zoological  gardens,  I  have  learned  that  almost  all  ani- 
mals in  captivity  are  given  to  onanistic  practices.  This  is  especially 
true,  as  is  well  known,  of  the  monkey  tribe ;  and  while  they  at  times 
seriously  undermine  the  health  by  excesses,  some  have  to  be  killed  for 
the  sole  reason  that  the  almost  constant  practice  renders  them  unfit 
for  purposes  of  exhibition.  The  handsomest  bear  ever  seen  at  the 
Central  Park  menagerie,  I  am  told,  had  to  be  shot  on  this  account. 
Likewise  an  old  baboon,  who  was  so  perverse  that  he  would  wait  un- 
til he  had  a  large  audience  of  ladies  before  he  would  begin — a  seem- 
ing example  of  exhibitionism.  Several  have  told  me  that  lions  made 
an  exception  to  the  rule.  I  hope  this  is  true.  I  like  to  think,  and 
know  that  I  am  justified  in  thinking,  that  among  boys  there  are  the 
exceptional  "lions,"  either  through  innate  nobility  of  character  or 
deserving  of  the  distinction  by  reason  of  their  abstention. 

Causes  of  Injury  in  Onanism. — In  just  what  manner  onanism 
causes  more  injurious  effects  than  follow  functional  activity  taking 
another  direction,  is  still  an  undecided  question.  Some  have  attri- 
buted the  consequences  to  repeated  nerve  shock ;  others  to  the  drain 
upon  the  system  from  the  loss  of  so  highly  vitalized  a  secretion  as 
the  semen  is  known  to  be. 

That  a  reaction  upon  the  nervous  system  takes  place  differing 
from  that  which  results  from  normal  coitus  indulged  in  to  an  equal 
extent,  seems  reasonably  certain.  The  frequency  of  the  act  is  apt  to 
be  much  greater  than  in  coitus,  due  to  the  two  elements  of  constant 
opportunity  and  non-dependence  upon  a  second  party,  except  in  the 
rarer  mutual  or  reciprocal  form. 

The  age,  too,  at  which  the  habit  is  first  formed  and  most  vigor- 
ously pursued  is  one  of  extreme  delicacv  of  tissue  in  an  active  state  of 
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growth  and  metamorphosis.  These  susceptible  and  tender  structures 
are  most  prone  to  suffer  injury  by  too  great  a  call  upon  their  activity, 
and  the  nervous  system  as  a  whole,  in  common  with  glandular  organs, 
becomes  over-stimulated  in  an  unnatural  manner  and  at  an  unnatural 
time  of  life.  Too  great  strain  put  upon  immature  organs  in  progress 
of  development  may  result  in  infantilism  or  stunted  growth,  and  tliis 
is  occasionally  seen  in  an  arrest  of  development  in  the  genitals  fol- 
lowing inordinate  manipulation. 

If  we  turn  to  the  female  sex  for  assistance  in  forming  our  conclu- 
sions, we  are  led  to  discard  the  idea  of  injury  from  frequently  re- 
peated nerve  shock  so  far  as  the  adult  is  concerned.  Women,  as  is 
well  known,  may  perform  onanistic  as  well  as  copulative  acts  many 
times  in  quick  succession  and  continued  over  long  periods,  without 
suffering  in  anything  like  the  same  degree  from  the  evil  consequences 
so  constantly  observed  in  the  male.  Nor  can  we  attribute  the  results 
wholly  to  loss  of  semen,  since  similar  derangements  follow  at  times 
infrequent  losses  of  th^s  fluid. 

It  must  be  that  the  knowledge  of  wrong-doing,  the  consciousness 
of  unmanh"  and  degrading  action,  and  the  fear  of  those  consequences 
which  in  reality  do  supervene,  have  much  to  do  with  the  fact  of  their 
development. 

In  thee  habit  as  it  is  usually  observed  there  is  a  psychical  effect 
of  pronounced  intensity,  the  libido  is  long  protracted,  the  imagina- 
tion is  injuriously  stimulated  and  strained  to  overcome  the  reality. 
This  is  more  pronounced  in  that  form  of  onanism  which  is  purelj^ 
psychical,  in  which  the  subject  relies  upon  memory  pictures  and  by 
an  intense  concentration  of  mental  effort  brings  on  scenes  and  situa- 
tions which  result  in  ejaculations. 

Another  important  element  is  that  mentioned  by  Schrenck-Notzing" 
— the  destruction  by  onanism  of  the  sexual  relation  to  woman,  an  at- 
tack upon  the  most  powerful  natural  instinct  at  its  very  root.  Or,  as 
Krafft-Ebing  *  so  well  puts  it :  "  It  injures  the  whole  sexual  founda- 
tion, the  basis  of  all  ideal  activities ;  it  extinguishes  the  fire  of  sen- 
sual feeling,  the  most  powerful  incentive  to  the  putting  forth  of 
strength  in  both  individual  and  social  existence  in  the  world  of  beauty 
and  morality." 

That  there  are  various  elements  which  enter  into  the  question 
seems  reasonably  certain,  from  the  fact  that  onanism  begun  later  in 
life  or  by  the  practice  of  "  withdrawal"  is  attended  with  symptoms 
pointing  to  its  injurious  influence.  The  latter  is  in  reality  the  origi- 
nal form  of  self-abuse  as  practised  by  Onan,  judging  from  the  state- 
ment contained  in  the  ninth  verse  of  the  thirty-eighth  chapter  of  Gen- 
esis. 
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Onanism  is  undoubtedly  more  prevalent  in  institutions  where  boys 
and  even  men  are  confined  together,  living  in  possibly  not  the  strict- 
est hygienic  surroundings,  and  where  they  are  subject  to  evil  precept 
and  example.  Thus,  we  find  a  prevalence  of  onanism  among  the  in- 
mates of  prisons,  schools,  reformatories,  asylums,  and  among  sea- 
men thrown  together  on  shipboard  during  long  voyages.  Krafft-Eb- 
ing  says  in  many  schools  "it  is  actually  cultivated,"  whatever  he  may 
mean  to  imply  by  this  astounding  statement.  It  is  likewise  very  com- 
mon in  asylums  for  the  insane,  idiotic,  and  mentally  defective.  In  this 
class  of  patients,  however,  it  is  often  practised  as  a  species  of  tic,  be- 
ing more  or  less  automatic,  without  the  association  of  psychic  ideas. 
That  the  act  conveys  sensations  of  pleasure  to  the  minds  of  these 
creatures  is  evident,  and  that  in  some  there  is  a  sexual  excitement 
produced  by  the  sight  and  contact  with  nurses  and  others  of  the  op- 
posite sex,  is  indicated  by  their  actions.  This  automatic  pulling  and 
friction  of  the  genitals  occurs  at  a  very  esbilj  age  in  some  imbeciles 
and  idiots,  and,  as  we  have  already  seen,  in  normal  children,  too,  at 
times.  Imbeciles  are  said  to  show  this  tendency  much  less  than 
idiots,  but  after  puberty,  when  an  instinct  for  sexual  gratification  de- 
velops, they  become  much  greater  onanists  than  the  latter. 

Onanism  may  be  symptomatic  of  genital  hypergesthesia  and  may 
result  in  abnormal  sexual  desire,  satyriasis,  leading  to  rape,  mur- 
der, etc.,  or  in  perverse  sexuality,  leading  to  homosexual  acts  and 
exhibition.  Indeed,  contrary  sexual  feeling  would  often  appear  to  be 
engendered  through  onanism.  It  is  most  important  to  differentiate 
between  perverse  states  which  are  thus  acquired  and  those  which  are 
congenital.  Onanism  will  be  present  in  both,  but  it  may  throw 
light  on  the  question  if  it  can  be  shown  at  what  period  the  habit 
began.  Probably  idiots  suffer  less  bodily  harm  from  their  constant 
practices  because  the  psychical  element  is  lacking.  They  feel  no  af- 
ter-sense of  shame,  and  do  not  brood  over  the  habit  nor  make  efforts 
to  subdue  it.    • 

Early  Symptoms. — Onanism  is  not  a  disease,  but  the  great  impor- 
tance which  I  attach  to  its  early  discovery  and  control  leads  me  to 
enumerate  certain  manifestations  by  which  its  votaries  and  victims 
may  be  detected. 

Altogether  too  much  false  modesty  and  perhaps  family  pride  have 
tended  to  keep  hidden  this  prevalent  and  pernicious  habit  as  it  affects 
young  children.  Even  with  the  concurrence  of  the  family  physician, 
parents  are  too  loath  to  institute  sufficiently  searching  investigations. 
This  indifference  may  permit  the  growing  child  to  continue  the  sus- 
pected habit  for  years.  Teachers,  too,  should  be  more  keenly  alive 
to  the  possible  disastrous  outcome,  and  in  dealing  with  the  subject  and 
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the  individual  tliey  should  uot  regard  the  one  as  a  moral  cesspool  or 
the  other  as  hopelessly  degraded.  It  is  to  be  hoped  tliat  the  coming 
century  will  bring  more  wisdom  in  this  respect  to  the  moulders  of 
human  clay  than  lias  been  shown  in  the  past,  and  that  unnaturally 
close  friendships  in  the  school  and  social  circle,  especially  between 
boys  of  uneciual  age,  will  be  guardedly  watched  over,  that  signs  of 
eflfemiuacy  will  be  investigated,  and  that  the  diagnostic  features  which 
we  shall  describe  will  aid,  at  least  in  a  measure,  to  cast  or  confirm 
suspicion  and  lead  to  measures  for  the  repression  of  the  vice. 

The  immediate  effects  of  self-indulgence  in  young  children  num- 
ber among  them  circulator}^  disturbances  of  both  motor  and  sensory 
nature,  irritability,  insubordination,  and  outbursts  of  inexplicable 
anger.  Besides  these  manifestations  there  are  usually  a  decided  bash- 
fulness  and  reserve  in  society,  averted  gaze,  and  lack  of  manly  bear- 
ing. There  is,  too,  a  tendency  to  avoid  company  or  the  joining  in 
youthful  sports,  but  rather  to  retire  alone  or  with  a  single  companion, 
upon  whom  the  suspicion  of  being  an  accomplice  should  rest.  In  study 
hours  there  is  dulness,  drowsiness,  preoccupation,  faraway  gaze,  and 
lack  of  application,  with  often  pronounced  weakness  of  memory  and 
absent-mindedness. 

Later  Symptoms. — After  a  variable  period  of  indulgence  there  may 
occur  a  train  of  bladder  symptoms,  such  as  incontinence  of  urine, 
spasm  of  the  compressor  muscles  of  the  urethra,  and,  still  later,  con- 
gestion of  the  deep  urethra,  attended  perhaps  with  congestion  of  the 
coUiculus  seminalis,  urethritis,  prostatorrhoea,  seminal  incontinence, 
irritable  weakness,  and,  finally,  impotence. 

Among  the  objective  signs  are  to  be  found  flaccidity  of  the  penis, 
relaxation  of  the  dartos,  enlargement  of  the  scrotal  veins,  all  combin- 
ing to  make  that  pendulous  state  of  the  testicles  which  often  results 
in  much  mental  disturbance.  In  beginners,  as  well  as  later,  the  lips 
of  the  meatus  may  be  red  and  inflamed,  while  the  anterior  urethra  is 
pale. 

Among  eye  symptoms  may  be  mentioned  photophobia,  pressure, 
pain,  or  spasm  in  the  lids,  and  neurasthenic  asthenopia,  with  diminu- 
tion of  vision. 

Mentcd  Symptoms. — Onanism  is  capable  of  affecting  the  mind  most 
injuriouslj',  inducing  a  loss  of  resistive  power,'^^  and  the  weakness 
which  originated  in  over-indulgence  may  pass  into  such  a  pathologi- 
cal state  that  the  instinctive  automatic  act  becomsss  entirely  subsidi- 
ary- to  the  brain  affection.  A  nice  distinction  must  often  be  made 
between  onanism  because  of  mental  weakness  or  actual  brain  lesion, 
and  that  which  has  been  practised  until  mind  weakness  has  resulted. 
I  have  recently  observed  an  instance  of  melancholia  in  a  young  man 
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as  a  direct  result  of  excessive  onanism  begun  at  an  early  age.  The 
tendency  here,  however,  was  towards  insanity  by  inheritance  from 
both  branches  of  his  family.  Such  hereditary  predisposition,  I  be- 
lieve, will  be  most  usually  found  to  account  for  such  a  pronounced 
effect  upon  the  brain  in  early  life.  Mental  weakness  is  probably  a 
much  more  frequent  result,  and,  in  a  slight  degree,  it  surely  is  quite 
common. 

The  statistics  of  Sweden  and  those  of  several  German  observers 
show  that  from  1.2  to  3.7  per  cent,  of  cases  of  insanity  admitted  to 
the  asylums  are  due  to  onanism,  and,  according  to  Ellinger's  statis- 
tics, this  is  an  accessory  cause  in  about  twenty  per  cent,  of  instances. 
The  very  important  point  is,  however,  made  by  Krafft-Ebing  that  in 
almost  all  cases  of  insanity  due  to  onanism  there  is  predisposition  by 
heredity,  and  that  while  in  the  thirty-one  cases  he  had  observed 
onanism  had  been  practised  from  early  childhood,  in  three  only  did 
insanity  develop  before  the  fifteenth  year. 

The  approach  is  heralded  by  an  unusual  disposition  to  keep  apart 
from  associates,  to  neglect  duties,  and  to  become  uncommunicative. 
There  is  usually,  too,  hypochondriasis,  alternating  with  irritability, 
the  subject  sitting  perhaps  for  hours  with  the  head  bowed  down,  and 
at  other  times  showing  peevishness  and  outbursts  of  temper  without 
adequate  cause.  Ideas  of  grandeur,  conceit,  and  persecution,  with 
hallucinations,  may  follow  quickly,  and  attempts  at  suicide  may  be 
made,  often  taking  a  theatrical  turn.  Onanistic  insanity,  accord- 
ing to  Peretti,'*  shows  sudden  changes,  and  while  there  are  phantas- 
mas  of  all  the  senses,  olfactory  hallucinations  are  frequent,  and  im- 
practical plans  are  apt  to  be  formed  for  the  future  improvement  of 
humanity.  These,  according  to  my  own  observation,  often  have  a 
direct  or  indirect  connection  with  onanistic  acts.  In  one  of  my  cases 
the  subject  believed  himself  to  be  the  only  perfect  man  since  the  time 
of  Christ,  and  that  he  had  a  mission  to  perform  in  saving  j'oung  men 
from  bad  influences  and  the  evils  of  self -abuse. 

The  very  preponderance  of  the  habit  over  efforts  of  the  will  power 
to  throw  it  off  must  be  looked  upon  as  an  evidence  of  cerebral  disease, 
and,  as  Schrenck-Notzing  justly  says :  "  Memory  pictures  cultivated 
by  onanism  may  become  imperative  conceptions,  and  force  the  indi- 
vidual's sexual  impulse  into  a  perverse  direction.  Excess,  too,  leads 
to  spinal  and  general  neurasthenia,  and  seriously  injures  the  mental 
development  of  the  individual."  In  those  hereditarily  inclined  or 
neuropathic,  the  symptoms  follow  each  other  with  a  greater  intensity, 
and  the  progressive  loss  of  will  power  and  early  development  of  psy- 
choses is  noticeable. 

Prognosis. — The  outcome  in  any  given  case  depends  upon  the  du- 
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ration  and  extent  of  the  habit,  the  age  at  which  it  was  instituted,  the 
presence  or  absence  of  a  neurasthenic  state  or  a  psychosis,  and 
whether  the  hitter  is  cause  or  efi'ect.  In  all  cases  in  which  the  psy- 
chical element  is  absent,  the  prognosis  is  good.  Marriage  or  regular 
intercourse  suffices  to  correct  the  habit  in  most  instances.  In  some 
cases  of  long  standing  it  persists  after  wedlock,  and  either  onanistic 
practices  of  one  kind  or  another  are  continued — another  victim  being 
added  in  the  person  of  the  wife — or  the  union  has  an  unhappy  out- 
come in  one  direction  or  another. 

Tho  great  majority  renounce  the  practice  so  soon  as  they  begin 
having  regular  sexual  intercourse,  and  many  do  so  long  before  mar- 
riage and  without  the  natural  substitute. 

The  prognosis,  then,  for  most  cases  is  good.  If  the  practice  be 
l)ersisted  in,  impotence  may  result,  or  at  least  such  a  blunting  of  the 
sensibilities  that  a  full  and  proper  enjoyment  of  subsequent  marital 
intercourse  is  out  of  the  question. 

Prophylaxis. — The  lesson  comes  to  the  child  in  most  instances 
from  an  older  boy.  Hence  I  would  suggest  that  the  lines  of  prophy- 
laxis should  be  laid  down  in  such  a  way  as  to  embrace  the  aid  of  the 
youth  Avho  has  reached  or  is  approaching  years  of  discretion,  and 
cause  him  to  do  missionary  work  among  younger  boys.  These  sub- 
jects are  discussed  freely  among  boys,  and  if  the  older  ones  who 
have,  perhaps,  been  taught  something  of  sexual  physiology  and  have 
had  wholesome  ideas  inculcated,  are  encouraged  at  every  opportunity 
to  say  a  word  against  the  practice,  much  good  might  result.  I 
have  been  surprised  to  see  the  practical  results  in  a  small  way  from 
such  a  plan  of  action.  I  number  among  my  patients  who  have 
renounced  the  habit  and  been  cured  of  their  symptoms  several  manly 
little  fellows  who  have  thus  made  their  influence  felt  for  good.  I 
would  have  organized  in  every  boys'  school  a  corps  of  chastity,  com- 
posed of  the  older  boys.  This  plan  would  first  of  all  make  the  very 
best  excuse,  and  so  far  as  I  know  offer  the  best  method  of  correcting 
the  habit  in  the  select  few  who  composed  the  corps  and  received  suit- 
able instruction.  They  in  turn  would  be  expected  to  raise  a  voice  of 
condemnation  whenever  possible,  and  point  out  to  the  younger  boys 
the  folly  of  their  ways.  Much  tact  and  discretion  would  naturally 
have  to  be  employed  in  carrying  out  such  a  course,  but  I  see  no  valid 
objections  to  it. 

Treatment. — Much  can  often  be  accomplished  in  a  local  way 
towards  the  correction  of  the  habit  in  early  life,  as  by  the  surgical 
removal  of  a  tight  or  elongated  prepuce,  or  by  the  correction  of  any 
local  source  of  irritation,  such  as  a  collection  of  preputial  smegma 
or  thread  worms. 
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In  subjects  too  young  to  be  influenced  by  any  attempts  to  elevate 
tlie  morale  or  to  act  upon  them  by  suggestion,  some  form  of  mecliani- 
cal  restraint  must  be  applied,  as  by  binding  down  tlie  arms  in  such 
a  way  that  the  genitals  cannot  be  reached  by  the  hands,  or  by  plac- 
ing over  the  parts  a  cage-like  apparatus,  securely  fastened;  or,  as 
recommended  by  Fournier,  a  ring  may  be  inserted  into  the  prepuce 
near  the  frenum  and  worn  continuously.  The  pain  occasioned  by 
manipulation  soon  leads  to  a  relinquishing  of  the  attempts.  The  lat- 
ter device  is  especially  useful  in  the  automatic  form,  in  which  onanism 
occurs  during  sleep,  the  subject  awakening  perhaps  to  find  the  act 
completed  or  completing  it  in  half-waking  dazed  condition,  in  which 
the  will  power  appears  to  be  in  complete  abeyance.  If  oedema  occur 
while  the  ring  is  worn,  it  will  indicate  that  the  habit  is  being  per- 
sisted in.  Before  fastening  the  hands  and  arms  it  must  be  ascer- 
tained that  the  orgasm  is  not  brought  about  by  movements  of  the 
body  against  the  bedding.  One  of  my  patients  who  had  been  a  per- 
sistent onanist  assured  me  that  he  never  used  his  hands,  but  always 
brought  on  the  orgasm  by  lying  on  the  belly  and  going  through  cer- 
tain motions. 

Another  though  less  effective  plan  is  to  make  blistering  applications 
with  cantharides  or  carbolic  or  other  acid,  used  naturally  with  care, 
first  to  one  side  of  the  organ  and,  as  this  is  healing,  to  the  opposite 
side;  care  must  be  taken  that  this  is  persisted  in  long  enough,  or 
the  habit  will  be  resumed.  In  the  psychical  form  none  of  these  de- 
vices may  avail. 

In  older  children  the  morale  must  be  improved  and  the  subject's 
confidence  secured.  Suggestion  may  then  be  made,  usually  without 
hypnosis,  or  with  it  as  in  a  case  reported  by  Bernheimer,  in  which  a 
lad  of  eight  years  was  cured  by  this  means.  Effects  can  often  be 
obtained  in  partial  hypnosis,  and  I  have  employed  the  method  at 
times  with  seemingly  good  results.  In  all  cases  the  nerve  tone  can 
be  strengthened  with  advanta,ge,  since  the  evil  results  are  so 
preponderatingly  psychical.  A  certain  amount  of  suggestion 
should  go  along  with  any  drugs  which  are  employed.  The 
patient  should  be  impressed  with  the  belief  that  the  remedy  will 
strengthen  the  nerves  and  will  power,  and  thus  he  will  be  aided  to 
withstand  temptation,  and  the  desired  benefit  will  be  the  more  likely 
to  occur. 

Speaking  of  suggestion,  Schrenck-Notzing "  says:  "No  other 
method  can  be  compared  with  therapeutic  suggestion  in  rapidity  and 
certainty  of  action ;  psychical  therapy  in  the  waking  state  often  does 
not  succeed  where  hypnotic  suggestion  is  successful.  .  .  .  It  is  des- 
tined in  the  future  to  play  the  principal  role  in  the  treatment  of 
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onanists,  while  former  methods  are  to  be  employed  only  for  the  sake 
of  completeness." 

General  measures,  such  as  healthful  exercise,  gymnastics,  the 
avoidance  of  stimulating  food  and  drink,  especially  of  alcohol  and 
this  more  particularly  at  night,  are  useful.  All  those  things  Avhich 
tend  to  excite  sexually  are  to  be  avoided ;  such  are  lascivious  books, 
pictures,  plays,  and  lewd  company. 

Hydrotherapy  comes  in  for  a  goodly  share  of  usefulness.  Morn- 
ing cold  plunges,  shower  baths,  sprays,  cold  douches  to  the  spine  and 
locally  to  the  genitals  (onl}'  in  the  morning),  together  with  general 
frictions  of  the  surface,  especially  with  hair  mittens,  are  all  measures 
of  great  utility  as  adjuncts. 

Among  useful  sedative  drugs  may  be  mentioned  the  bromides, 
camphor,  especially  monobromate  of  camphor,  which  may  be  admin- 
istered at  bedtime. 

The  patient  should  arrange  to  be  awakened  after  several  hours' 
sleep,  to  enable  him  to  empty  the  bladder  and  thus  minimize  the 
chances  of  erection  and  genital  excitement.  Seven  or  eight  hours 
should  be  the  maximum  devoted  to  sleej),  and  the  earlier  the  patient 
is  up  the  better.  Tobacco  should  be  used,  if  at  all,  in  great  modera- 
tion. 

Marriage  should  never  be  advocated  by  the  physician  nor  entered 
upon  bj'  the  onanist  with  the  object  of  finding  in  it  a  cure  for  his  con- 
dition. Marriage  is  too  sacred  an  institution  to  be  prostituted  in 
such  a  manner,  and,  aside  from  any  other  sentimental  consideration, 
one  should  think  of  the  detestation  in  which  a  man  would  hold  him- 
self who  would  thus  abuse  a  copartnership  supposed  to  be  entered 
into  with  sacred  obligations  and  high  ideals.  On  the  one  side,  the 
party  to  the  contract  fulfils  these  requirements,  while  on  the  other 
there  are  but  selfish  therapeutic  aims. 

Sexual  Excesses. 

Onanism  is  not  the  only  form  of  self-abuse.  Misuse  of  the  gener- 
ative function  in  various  ways  may  induce  spermatorrhoea,  and  ex- 
cessive coitus  is  one  of  the  most  frequent.  It  is  a  safe  rule  of  guid- 
ance for  the  individual  that  so  long  as  a  feeling  of  well-being  follows 
cohabitation,  so  long  as  the  act  is  succeeded  upon  the  same  and  the 
following  day  by  a  sense  of  relief,  buoyancy,  greater  brightness  of 
mind  and  inclination  to  work,  the  act  is  not  being  repeated  too  fre- 
quently. When,  however,  the  opposite  of  these  effects  is  noted,  and 
especially  if  the  ejaculation  begins  to  occur  too  precipitously,  it  is  an 
indication  that  the  frequency  of  the  act  is  too  great. 
Vol.  Vn.— 40 
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Men  differ  very  greatly  in  their  virile  powers,  and  excess  must 
necessarily  be  a  relative  matter,  depending  upon  tlie  individual  capa- 
bility. We  must  look  upon  all  abnormal  stimulation,  whicli  calls 
forth  repeated  and  long-continued  erection,  ultimately  leading  to 
hyijersemia  ,of  the  urethra  and  irritable  weakness,  as  akin  to  sexual 
excess,  in  so  far  as  it  induces  the  conditions  necessary  for  spermator- 
rhoea to  become  established.  Along  with  the  changes  in  the  canal 
itself,  there  is  found  to  exist  a  too  great  excitability  of  the  reflex  cen- 
tres in  the  brain  and  cord,  which,  when  combined  with  an  irritable 
condition  of  the  efferent  nerves,  tends  to  induce  incontinence  of  semen 
in  its  different  manifestations.  In  adolescence,  especially,  sexual  ex- 
cess may  be  the  only  cause  to  which  we  can  attribute  a  given  attack 
of  spermatocystitis.  The  various  methods  adopted  by  the  libertine 
to  prolong  sexual  excitement  often  have  the  same  effect.  Once  firmly 
established,  this  chronic  vesiculitis  is  most  apt  to  determine  an  exces- 
sive degree  of  onanism,  which  in  turn  leads  to  one  or  the  other  forms 
of  seminal  incontinence.  Catarrhal  prostatitis  is  likewise  aggravated 
by  excess  in  coitu,  which  may  eventually  lead  to  false  if  not  to  true 
spermatorrhoea. 

The  opposite  condition  to  that  usually  understood  by  the  term  ex- 
cess, i.e.,  restraint,  continence,  excitement  without  gratification,  sex- 
ual stimulation  disproportionate  to  the  physiological  relief  afforded 
by  normal  nocturnal  emissions,  may  have  much  the  same  causative 
influence  in  bringing  about  a  state  of  incontinence. 

One  who  continues  to  indulge  in  the  mental  excitement  induced 
by  impure  thoughts,  aided  perhaps  by  improper  reading  and  the  con- 
templation of  suggestive  pictures,  may  be  guiltj^  of  a  psychical  onan- 
ism in  which  the  orgasm  is,  as  it  were,  simply  postponed  until  the 
time  pathological  pollution  takes  place.  Highly  excitable  and  ner- 
vous individuals,  often  belonging  to  the  class  of  students  or  other 
brain  workers,  become  easily  alarmed  by  the  frequency  of  these  dis- 
charges, and,  even  when  the  latter  are  purely  physiological,  seek 
medical  aid.  Such  subjects  are,  as  a  rule,  readily  persuaded  that 
their  vitality  is  rapidly  being  lost  and  are  not  easily  convinced  of  the 
true  state  of  the  case.  Falling,  as  so  many  do,  into  the  hands  of 
charlatans  through  the  class  of  literature  which  these  designing 
pretenders  are  constantly  distributing  broadcast,  they  are  en- 
couraged in  this  belief  until  their  condition  is  rendered  truly 
serious,  and  the  conscientious  physician  to  whom  the  patients  after- 
wards apply  has  a  difficult  matter  to  set  them  right  as  regards  the 
outcome. 

Onanism  may  be  taken  up  with  the  faulty  idea  that  in  practising 
it  chastity  is  being  preserved;  thus  the  fact  of  remaining  without  car- 
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nal  knowledge  of  womau  is  resijonsible  for  the  functional  disorders 
which  the  psycho-mechanical  substitute  engenders. 

Lallemand ""  claimed  that  compression  of  the  seminal  vesicles  and 
prostate,  when  constant,  caused  frequent  jjollutions.  Prolonged 
horseback  eixercise  and  long  courses  on  the  bicycle,  particularly  in 
the  case  of  ill-fitting  saddles,  may  have  such  a  result.  Excessive 
bare-back  riding  forms  part  of  the  routine  through  which,  according 
to  Hammond,  the  Pueblo  Indians  put  the  member  of  their  tribe 
chosen  to  become  a  luujerado,  or  the  one  who  plays  the  i)assive  pai-t 
in  the  pederastic  practices  which  constitute  a  feature  of  their  ceremo- 
nials. Masturbation  is  practised  upon  the  victim  many  times  a  day 
in  addition.  Finally  sexual  desire  and  all  inclination  for  masculine 
pursuits  are  lost,  and  the  type  changes  to  that  of  the  woman;  the 
effect  being  somewhat  similar  to  that  resulting  from  castration  in  the 
making  of  eunuchs.  There  is  here  a  veritable  loss  of  manhood, 
brought  about  intentionally  and  with  a  definite  object, 

Asi  an  illustration  of  the  occasional  evil  effects  of  literature,  even 
when  the  writings  are  of  a  ivvlj  scientific  nature  and  intended  for 
medical  men,  I  would  refer  to  a  patient  of  Krafft-Ebing,  who  was  led 
through  lascivious  interest  to  read  "  Psychox)athia  Sexualis."  The 
description  of  cultivating  mujerados  excited  him  so  intensely  that  he 
masturbated  five  times  within  two  days,  thinking  of  himself  as  a  pre- 
sumi^tive  mujerado.  The  good  effect  of  such  reading  is  shown  in  the 
same  patient's  history,  for,  led  by  the  work  to  consult  its  author,  a 
course  of  treatment  was  instituted  which  resulted  in  great  improve- 
ment. Many  of  the  conditions  being  physiological,  psychical,  or 
wholl}^  under  the  patient's  will,  if  the  latter  can  be  brought  to  bear 
properly  upon  the  condition,  a  cure  may  be  effected  by  a  species  of  ■ 
auto-suggestion. 

Both  extremes,  then — excessive  coitus  and  prolonged  continence — 
must  enter  into  the  causation  of  seminal  incontinence. 

Local  Irritation. 

Besides  these  general  considerations,  we  must  take  account  of  the 
many  local  sources  of  irritation  which  result  in  loss  of  semen  at  unu- 
sual times  and  in  unnatural  w^ays.  To  enumerate  them  all  would 
necessitate  the  presentation  of  a  list  of  disorders  peculiar  to  the  pel- 
\-ic  ca%'ity.  Starting  at  the  meatus  urinarius  and  proceeding  inwards, 
any  constriction  or  inflammation  may  excite  to  spasmodic  contrac- 
tion of  the  seminal  vesicles  and  the  determination  of  pollution,  A 
tight  prepuce  or  frenum  may  be  at  fault,  or  the  point  of  irritation 
may  lie  in  the  bladder  neck  or  within  the  bladder  cavity,     Prosta- 
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titis,  urethritis,  cystitis,  vesiculitis,  may  each  be  the  exciting 
cause  of  nocturnal  losses.  Emissions  often  occur  with  frequency 
in  gonorrhoea,  and  the  vesiculse  seminales  may  take  part  in  the 
injQammation,  the  discharge  showing  the  darkened  discoloration  of 
haemospermia. 

A  uniform  admixture  of  blood  with  the  semen  is  due  at  times  to 
a  chronic  spermatocystitis  attended  with  much  hj^persemia.  When 
the  fluid  ejaculated  is  seen  to  be  principally  blood,  it  is  because 
the  seminal  bladder  has  been  called  upon  to  discharge  its  contents 
at  such  short  intervals  that  finally  its  walls  have  contracted  upon 
themselves,  as  it  were,  and  delicate  vessels  have  become  ruptured. 
Anything  which  causes  prolonged  congestion,  either  active  or  passive, 
of  the  seminal  vesicles,  whether  it  be  lying  long  upon  the  back  in 
sickness,  overdistention  of  the  vesicle  from  accumulated  sperm  in 
states  of  continence,  pollutions  being  rare,  or  excessive  bicycle 
exercise  with  undue  pressure  upon  the  perineum,  may  bring  about  a 
hemorrhage  suflicient  to  cause  a  rusty  appearance  of  the  whole  sper- 
mic  mass. 

Jamin "  has  written  upon  non-inflammatory  haemospermia,  and 
thinks  in  some  instances  the  sudden  and  complete  emptying  of  the 
seminal  bladder  may  result  in  the  production  of  a  vacuum,  which  of 
itseK  determines  small  hemorrhages  into  the  cavity. 

Spermatic  colic,  following  long  retention  of  sperm,  which  has 
become  thickened,  in  congested  vesicles,  with  the  possible  formation 
of  gritty  masses  and  even  calculi,  is  productive  of  hemorrhage,  oc- 
curring as  streaks  of  blood  through  the  semen.  In  acute  inflamma- 
tion of  the  seminal  bladder  pus  may  be  present  as  well  as  blood,  and 
the  contraction  of  the  bladder  walls  may  occasion  pain.  Phimosis 
may,  by  reflex  action,  be  the  irritation  in  spermatic  just  as  it  often 
is  in  urinary  incontinence,  and  an  operation  may  give  as  happy  re- 
sults in  the  one  as  in  the  other  condition. 

Other  sources  of  nerve  irritation  about  the  sensitive  regions  of  the 
glans,  meatus,  and  prepuce  are  often  found  to  act  in  the  same  manner. 
Posterior  urethritis,  prostatitis,  and  inflammations  of  the  testes,  epi- 
didymis, vas  deferens,  and  neck  of  the  bladder,  in  so  far  as  they  have 
the  same  effect,  are  to  be  regarded  as  causes  of  incontinence.  I  have 
no  doubt  that  a  congenital  narrowing  of  the  urethra,  in  some  portion  of 
its  extent,  is  an  occasional  cause  of  incontinence  of  urine  in  early  life. 
In  very  many  instances  this  is  overlooked,  because  of  an  unfounded 
prejudice  against  exploration  of  the  urethra  and  the  passage  of  sounds 
in  the  very  young.  When  the  child  passes  into  his  vita  sexualis  this 
irritation  still  existing  finds  its  reflection  in  hyper  excitability  and 
frequent  pollution.     It  is  not  an  uncommon  occurrence  in  my  prac- 
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tice  to  obtain  in  cases  of  pollution  a  history  of  preceding  urinary  in- 
continence, and  then  to  discover  some  local  source  of  irritation. 


Symptomatology. 

That  the  symptoms  should  be  manifold  in  so  comprehensive  a 
condition  as  spermatorrhoea  must  of  necessity  be,  under  our  pres- 
ent division  of  the  subject,  is  self-evident.  Not  onlj-^  must  they 
vary  according  as  the  incontinence  is  nocturnal  or  diurnal,  with 
losses  occurring  only  occasionally  or  so  often  as  to  be  almost  a 
constant  drain  upon  the  system,  but  also  there  is  that  great  dif- 
erence  in  the  nervous  organization  and  sensitiveness  of  different 
individuals  to  be  considered  and  taken  into  account.  Almost  all 
instances  of  true  spermatorrhoea  have  passed  through  the  transition 
stages  of  abnormal  nocturnal  incontinence  induced  by  excesses  in 
onanism  or  in  some  form  of  sexual  indulgence ;  diurnal  losses,  first  at 
stool  or  due  to  some  other  mechanical  influence,  and  then  becoming 
more  frequent  and  no  longer  depending  upon  an  erect  state  of  the  or- 
gan or  mental  imagery  to  assist  in  the  act  of  ejaculation.  Indeed, 
in  the  fully  established  state  the  semen  may  escape  Tvhile  the 
organ  is  in  a  perfect  state  of  repose,  and  give  to  the  canal  in 
passing  through  it  a  burning  and  painful  sensation,  instead  of  a 
pleasurable  one. 

While  still  in  the  preceding  stage  of  emissions  by  night  the  dream 
may  first  be  wanting,  and  then  erotic  feelings  so  far  be  absent  as  not 
to  awaken  the  sleeper,  or  if  he  is  aroused  he  has  the  consciousness 
that  the  erection  is  quite  feeble  or  that  the  emission  has  perhaps  oc- 
curred from  an  almost  fiaccid  penis.  Listead  of  occurring  at  compar- 
atively infrequent  intervals,  as  in  the  earlier  stages,  evidences  of  pol- 
lution are  now  seen  perhaps  several  times  in  a  week  or  several  nights 
in  succession,  and  in  aggravated  cases  they  may  occur  two  or  more 
times  in  the  same  night. 

When  true  spermatorrhoea  becomes  firmly  established,  after  this 
period  of  progressive  nightly  losses,  it  may  require  but  slight  irrita- 
tion to  determine  an  ejaculation.  At  first,  as  before  mentioned,  either 
there  is  a  discharge  after  defecation  or  urination,  attended  with  sen- 
sations along  the  canal  as  the  fluid  passes,  or  some  psychical  or 
mechanical  exciting  cause,  producing  erection  at  the  same  time,  is  in- 
strumental in  determining  the  ejaculation.  Contact  with  the  oppo- 
site sex,  scenes  upon  the  stage  or  elsewhere  which  inflame  the  imag- 
ination, desire  associated  with  sexual  thoughts,  or  the  sight  of  the 
nude  female  form  in  art  as  well  as  in  real  life  may  be  sufficient, 
especially  in  certain  sexual  perverts,  who  count  in  their  number 
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those  in  wliom  the  sight  of  the  bare  nates  of  the  male  is  alone  re- 
quired to  produce  an  ejaculatory  spasm. 

In  a  more  advanced  stage  of  the  process  either  the  semen  flows 
away  mixed  with  the  urine  or  more  or  less  continually  and  in  an  im- 
perceptible manner,  or  various  causes  of  a  non-sexual  order  tend  to 
call  forth  its  discharge  without  the  intervention  of  sexual  thoughts  or 
erection,  and  perhaps  without  appreciable  sensations  along  the  ure- 
thral tract  to  make  the  subject  conscious  of  its  occurrence.  In  a  case 
now  under  treatment,  so  slight  a  cause  as  running  to  catch  a  car  may 
result  in  pollution. 

Incontinence,  in  the  majority  of  instances,  is  nocturnal  only,  and 
results  in  cure  by  marriage  or  by  treatment.  Of  the  cases  which  be- 
come more  chronic  and  show  the  symptoms  of  diurnal  loss,  a  small 
proportion  only  reach  the  state  of  true  spermatorrhoea.  The  latter 
must  be  regarded  as  of  fortunately  rare  occurrence. 

Local  symptoms  embrace  changes  in  the  motor  apparatus  and  in 
the  quality  and  quantity  of  the  seminal  fluid.  There  is  frequently, 
though  by  no  means  uniformly,  to  be  made  out  a  diminution  in  size 
of  the  various  organs  of  the  external  genital  apparatus.  The  testes 
may  become  gradually  diminished  in  volume,  the  scrotum  relaxed  and 
pendulous,  and  the  contained  veins  enlarged.  The  penis  itself  may 
present  a  somewhat  shrunken  appearance,  though  this  is  not  uni- 
formly the  case.  On  the  contrary,  one  often  observes  a  pronounced 
degree  of  incontinence  in  a  person  of  large  and  turgid  organs.  When 
the  pendulous  penis  is  diminished  in  size,  the  corpora  cavernosa  ap- 
pear hardened  and  the  corpus  spongiosum  much  more  rigid  and  firm 
than  usual.  These  appearances  are  neither  constant  nor  characteris- 
tic, and  have  a  value  only  when  in  association  with  other  features. 

The  urethra  presents  more  important  signs.  Here,  in  the  early 
stages,  because  of  the  hypersemic  and  ofttimes  inflammatory  state  of 
the  pars  prostatica  more  especially,  there  is  hypersesthesia,  which  is 
translated  by  a  sensation  of  burning  or  scalding  pain  at  and  after  the 
passage  of  semen,  associated  with  more  or  less  marked  sensations  of 
a  disagreeable  nature  in  the  region  of  the  perineum.  If,  as  often  oc- 
curs, the  vesiculae  seminales  are  etiologically  involved  in  the  produc- 
tion of  pollutions  by  day  or  by  night,  a  sensation  of  weight,  burn- 
ing, and  throbbing  referred  to  the  rectum  may  precede  a  discharge 
from  a  distended  vesicle.  General  sexual  hypergesthesia  is  an  ac- 
companiment of  inflammation,  and  priapism  is  likely  to  coexist  with 
exaggerated  sexual  appetite. 

In  the  more  chronic  stages  of  vesiculitis  the  symptoms  are  more 
those  of  urethral  inflammation  and  sexual  neurasthenia.  Examina- 
tion per  rectum  shows  the  vesicles  to  be  enlarged,  hot,  and  tender. 
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For  this  examination  to  give  satisfactory  results,  either  the  examining 
finger  should  be  unusually  long  or  the  patient's  perineum  should 
be  flabby  and  capable  of  being  pushed  well  in  by  the  fist  as  the 
index  is  being  introduced.  The  patient  should  stand,  with  the 
legs  separated  and  the  body  bent  forward,  in  a  slightly  squatting 
posture,  with  the  muscles  well  relaxed.  The  surgeon's  disengaged 
hand  should  be  employed  to  make  counter-pressure  over  the 
hypogastrium. 

I  mention  this  because  text-books  often  speak  of  these  examina- 
tions as  though  they  were  carried  out  wdth  the  utmost  ease  and  bril- 
liancy of  result. 

To  collect  whatever  may  be  pressed  from  the  vesicle  through  the 
ejaculatory  ducts  into  the  prostatic  and  other  portions  of  the  urethra, 
the  patient  should  pass  about  half  an  ounce  of  urine  beforehand  to 
wash  out  the  canal.  This  should  be  preserved  for  comparison.  Af- 
ter the  manipulation  the  remaining  urine  is  to  be  passed  in  two  por- 
tions. The  first  will  contain  whatever  the  expression  has  resulted  in, 
and  the  second  will  represent  the  urine  as  it  exists  in  the  bladder. 
From  these  three  specimens  a  rough  comparison  can  be  made  at 
once,  and  subsequent  examination  will  reveal  the  normal  and  patho- 
logical elements  obtained  from  the  seminal  vesicles.  . 

The  changes  which  the  seminal  fluid  undergoes  in  spermatorrhoea 
will  be  more  readily  appreciated  if  its  normal  composition  and 
secretion  are  kept  well  in  mind.  A  consideration  of  the  physio- 
logical characteristics  of  this  fluid  will  be  found  in  the  section  on 
Sterility.  When  chronic  vesiculitis  is  an  element  in  the  case,  the 
manual  expression  of  the  reservoir  will  show  at  times  an  admixture 
of  iDus,  and  the  spermatozoa  will,  in  consequence  of  the  presence  of 
the  latter,  manifest  little  or  no  vitalit3\  In  any  case  when  protracted 
loss  of  semen  has  occurred  there  will  be  found  decided  alterations  in 
the  quality-  and  at  times  in  the  quantity  of  the  fluid.  In  a  general 
way,  it  may  be  said  that  the  changes  consist  principally  in  a  diminu- 
tion in  number  of  the  spermatozoa,  even  to  the  point  of  entire  disap- 
pearance, a  decrease  in  their  activity,  and  a  more  watery  and  less 
opaline  fluid  medium  in  which  they  wriggle  about. 

Such  spermatozoa  as  are  present  in  advanced  cases  appear 
shrunken,  malformed,  and  motionless,  or  show  but  little  activity  in 
their  movements. 

"WTien  discharges  have  occurred  with  great  frequency,  many  im- 
mature-appearing spermatozoa  will  usually  be  seen  in  any  given  mi- 
croscopic field.  The  bulk  of  tKe  fluid  in  these  cases  is  derived  from 
the  accessory  glands,  and  represents  the  non-fertilizing  portion  of  the 
semen,  which  flows  under  stimulation  from  the  walls  of  the  seminal 
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vesicles,  tlie  glands  of  the  prostate,  and  those  of  the  whole  length  of 
the  canal. 

General  Symptoms. — These  are  to  be  divided  into  two  classes : 
those  that  manifest  themselves  as  a  usual  thing  just  subsequent  to 
the  pollution  or  seminal  emission  and  soon  pass  oif ;  and  those  that 
develop  at  a  more  remote  period  and  persist  for  a  greater  time.  In- 
dividuals differ  greatly  in  their  symptomatic  reaction  to  the  shock 
and  drain  of  spermatic  losses.  In  one  there  will  be  an  entire  absence 
of  any  effect  upon  the  constitution,  which  can  be  attributed  to  this 
cause ;  while  in  another  such  a  degree  of  frequency  of  pollution  as 
would  scarcely  lead  us  to  look  for  systemic  results  will  be  followed  by 
the  most  pronounced  nervous  manifestations,  irritability,  dyspepsia, 
and,  finally,  by  a  condition  of  neurasthenia. 

The  symptoms  comprised  in  the  first  class  include  headache, 
especially  occipital,  tenderness  of  the  scalp,  backache,  sensations  of 
formication,  numbness,  flashes  of  heat  and  cold,  a  feeling  of  lassitude 
and  weakness,  especially  of  the  extremities,  and  a  disinclination  to 
indulge  in  mental  effort  or  study;  the  powers  of  observation  and 
retention  are  less  acute;  besides  this  there  is  often  drowsiness  in 
the  daytime  and  in  some  cases  irritability  of  temper.  Memory  is 
defective  and  common  words  are  often  forgotten.  In  boys  at  school, 
lessons  are  acquired  with  difficulty  or  soon  forgotten. 

The  more  remote  manifestations  include  certain  disturbances  of 
the  nervous  system,  both  motor  and  sensory,  and  digestive  derange- 
ments which  implicate  both  the  stomach  and  intestines  in  their  func- 
tional activity. 

Among  the  nerve  symptoms  there  is  one  which  stands  out 
prominently  and  has  been  mentioned  by  a  number  of  authors — ■ 
a  peculiar  restlessness,  which  prevents  the  victim  of  pronounced 
spermatorrhoea  from  remaining  quiet  in  one  place  for  any  length 
of  time.  There  is  a  constant  propelling  inclination  to  walk  and 
a  nervous  irritability  which  prevents  the  patient  from  sitting  long 
in  one  position.  It  is  quite  possible  that  many  members  of  the 
tramp  fraternity,  who  continue  to  roam  from  place  to  place,  in  spite 
of  muscular  fatigue  and  foot-sore  condition,  are  sufferers  from  this 
form  of  nervous  affection,  which  impels  them  in  spite  of  other  con- 
siderations to  keep  on  the  move.  The  defective  memory  spoken  of  as 
one  of  the  earlier  manifestations  becomes  more  pronounced  in  the 
advanced  stages,  and  to  the  occasional  hesitancy  for  lack  of  a  word  is 
added  a  decided  stammering  in  speech. 

A  condition  of  pronounced  neurasthenia  may  possess  the  patient 
with  its  varied  manifestations.  Besides  those  already  spoken  of  may 
be  mentioned  anaesthesia  i^nd  hypersesthesia  of  certain  parts ;  painful 
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skin  areas,  especially  in  the  precordial  region  and  scalp ;  and  painful 
neuralgias  in  general.  To  this  may  succeed  grave  mental  symptoms, 
threatening  if  not  actually  leading  to  melancholia.  There  is  a  dispo- 
sition to  be  alone,  amounting  to  an  actual  distaste  for  the  societ}'  of 
friends  and  companions.  The  patient  has  erroneous  impressions  that 
his  condition  can  be  read  in  his  face,  hence  the  glance  is  furtive  and 
the  eye  seldom  meets  that  of  the  person  with  whom  he  is  conversing. 
The  idea  may  become  so  fixed  in  the  patient's  mind  that  any  one 
casually  encountered  can  read  the  secret  in  his  glance  that  he  goes 
about  in  a  state  of  constant  egotistical  misery. 

Nervous  disorders  of  a  more  aggravated  and  serious  nature  maj- 
supervene,  and  we  find  that  iusanit}-  or  some  other  form  of  brain  or 
spinal  atifection,  such  as  epilepsy,  tabes,  or  chorea,  succeeds  this 
neuropathic  state,  provided  a  predisposition  to  such  disorders  exists 
as  shovm  by  the  family  history. 

Of  the  symptoms  referable  to  the  digestive  ti-act  which  we  have 
mentioned  none  takes  a  more  prominent  place  than  dyspepsia — or 
rather,  that  combination  of  acid  eructations,  disti'ess  after  eating, 
epigastric  cramps,  heai^tburn,  etc.,  which  is  usually  understood  by 
this  term.  To  this  must  be  added  constipation,  flatulence,  and  occa- 
sional attacks  of  colic.  These  conditions  existing  separately  or  in 
combination  may  be  attended  vrith  marked  emaciation. 

Upon  the  part  of  the  respiratory  system  we  find  oppressed  and 
quickened  breathing  and  sighing  respiration,  while  the  circulatory 
organs  indicate  their  involvement,  by  irregularities  of  heart  action, 
tachycardias  of  varying  degree  and  duration,  and  by  the  subjective 
sensations  of  precordial  anxiety  and  the  objective  signs  of  anaemia. 
Of  the  special  organs  the  eyes  are  most  likeh'  to  show  symptoms 
which  may  be  attributed  to  spermatorrhoea.  Among  the  disorders 
habitually  noted  are  sympathetic  asthenopia  or  dimness  of  vision, 
muscse  volitantes,  mydriasis  more  or  less  pronounced,  and  hemianop- 
sia or  dimness  of  half  the  visual  field.  When  the  ears  are  implicated 
ringing  and  buzzing  noises  are  complained  of,  and  instances  of  actual 
deafness  have  been  reported. 

Diagnosis. 

This  can  scarcely  be  made  with  positive  assurance  even  when  a 
number  of  the  symptoms  enumerated  are  found  combined  in  a  given 
instance.  We  must  have  the  patient's  statements  to  assist  us.  I  say 
assist,  because  one  cannot  be  guided  wholly  by  any  views  which  the 
patient  may  hold  as  to  what  constitutes  abnormal  frequency  of  emis- 
sion, and  what  discharges  are  to  be  regarded  as  pathological.     The 
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element  of  spermatophobia  must  be  eliminated.  In  the  majority  of 
instances  tlie  dreaded  discliarges  will  be  found  practically  harmless, 
if  not  physiological  and  beneficial.  Whether  or  not  they  remain 
harmless  depends  upon  our  ability  to  govern  the  subject's  mental 
attitude  in  regard  to  them. 

In  determining  the  question  of  pathological  significance  of  any 
given  discharge,  if  it  be  in  the  nature  of  nocturnal  incontinence,  we 
must  be  guided  chiefly  by  the  frequency  of  occurrence  and  by  the 
constitutional  efi'ects,  if  any,  which  are  produced.  A  statement  re- 
cently made  that  an  emission  oftener  than  once  in  ten  days  is  in- 
dicative of  a  pathological  condition  requiring  treatment  will  not  hold 
good  for  all  cases.  The  effect  is  often  of  much  greater  importance 
than  the  frequencj^  If  the  loss  is  one  habitually  occurring  in  the 
daytime  it  may  be  put  down  as  a  distinctly  morbid  phenomenon,  pro- 
vided spermatozoa  are  present,  especially  if  they  are  in  considerable 
number  and  if  the  discharges  are  frequent. 

The  question  now  arises  whether  a  fluid  discharged  with  accom- 
panying symptoms  referable  to  irritability  of  the  deep  urethra,  is  of 
prostatic  or  testicular  origin.  To  deterniine  this  point  the  micro- 
scope must  be  emploj^ed.  The  gross  features  of  seminal  fluid  are 
sufficient  for  presumptive  evidence,  but  an  absolute  test  is  found  only 
in  the  microscopic  discovery  of  living  spermatozoa  in  sufficient  num- 
ber to  make  their  presence  of  imjDortance.  The  prostatic  secretion 
by  itself  reveals  a  mass  of  detritus  with  scattered  mucous  corpuscles, 
epithelial  cells,  and  possibly  a  few  follicular  casts.  It  is  a  glairy, 
viscid,  and  rather  thick  fluid  as  given  off  from  distended  glands,  and 
if  any  spermatozoids  are  present  they  are  apt  to  appear  distorted  or 
motionless,  not  seeming  capable  of  continued  existence  in  the  prosta- 
tic secretion  which  has  once  become  abnormal.  The  absence  of 
spermatic  elements  is  not  of  itself  sufficient  for  a  positive  diagnosis  of 
prostatorrhoea,  nor  is  the  presence  of  a  very  limited  number  of  sper- 
matozoa sufficient  for  us  to  say  that  the  fluid  is  the  product  of  the 
testes  and  seminal  vesicles.  We  may  in  fact  have  in  any  given  case 
a  mixed  discharge  and  the  diagnosis  must  be  guarded  until  the  his- 
tory has  been  investigated  and  the  concomitant  symptoms  have  been 
duly  weighed.  This  is  especially  true  of  those  cases  in  which  the 
same  causes  have  been  operative  to  produce  either  condition,  and 
when  the  local  symptoms  are  practically  identical  in  each. 

When  losses  of  semen  have  taken  place  over  protracted  periods, 
the  spermatozoa  may  have  gradually  disappeared  until  the  vanishing 
point  has  been  reached.  If  in  such  a  case  the  microscope  is  relied 
upon  solely  it  might  lead  to  error.  There  are  other  signs,  however, 
and,  as  Ultzmann  has  pointed  out,  the  so-called  spermatic  crystals 
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form  quickly  in  seminal  fluid  which  has  ceased  to  show  spermato- 
zoids. 

The  diagnosis  must  depend  largely  iipou  the  history  in  such 
cases.  Even  in  the  absence  of  spermatozoa  we  may  safely  diagnos- 
ticate spermatorrhoia  if  the  history  shows  that  there  have  been 
habitual  losses  of  fluid  after  each  micturition  as  well  as  after  strain- 
ing in  defecation,  especially  if  the  more  remote  history  indicates 
excesses  of  various  kinds  and  frequent  pollutions.  Since  many  of 
the  same  mental  symjotoms  are  present  in  both  prostatorrhoea  and 
spermatorrhcea,  even  in  the  absence  of  spermatophobia,  undue  M^eight 
must  not  be  attached  to  the  diagnostic  aid  to  be  derived  from  them. 
Despondency  and  even  melancholy  may  accompany  prostatorrhoea. 

Prognosis. 

This  depends  largel}^  upon  the  age  of  the  patient  and  the  length 
of  time  during  which  the  losses  have  occurred;  whether  the  effect 
upon  the  system  and  especially  upon  the  mind  has  been  pronounced; 
and  whether  injury  has  already  been  inflicted  by  the  xerj  factors 
which  were  active  in  producing  the  spermatorrhcea.  Thus  acute 
illness  may  be  succeeded  for  a  brief  period  by  a  state  of  seminal  in- 
continence which  subsides  ^3a>'i  j^cissu  with  the  return  to  health.  In 
the  same  way,  if  a  local  lesion  has  been  discovered  to  account  for  the 
condition  and  it  can  be  corrected  the  spermatorrhoea  maj^  quickh^  dis- 
appear. Either  a  slight  narrowing  of  the  preputial  or  urethral  mea- 
tus, an  anterior  stricture,  tightness  of  the  frenulum,  or  a  phimosis 
ma^'  be  the  cause  of  the  trouble,  and  its  relief  will  be  followed  by  a 
disa^Dpearance  of  the  incontinence. 

Although  the  constitution  may  have  been  profoundly  affected  by 
the  onanism  or  excess  which  has  preceded,  even  here  the  prognosis 
is  in  the  main  good,  since  few  instances  are  of  such  gravitj"  as  to 
endanger  life. 

If  recent  gonorrhoea  with  its  attendant  inflammation  of  the  deeper 
portions  of  the  canal  has  been  the  etiological  force  in  operation,  the 
prognosis  for  a  prompt  recovery  is  not  so  good,  since  here  the  caus- 
ative disease  is  likely  to  persist  for  some  time,  keeping  up  the 
hypersemic  conditions. 

In  nocturnal  emissions  the  prognosis  is  favorable  if  the  onanism 
or  other  sexual  error  which  has  determined  their  frequency  can  be 
checked.  Most  cases  can  be  brought  back  to  the  physiological  limit 
of  emissions  if  proper  control  can  be  exercised.  In  diurnal  emis- 
sions elements  are  frequentlj'  present  which  render  the  outlook  less 
bright.     Much  here  depends  upon  our  ability  to  get  at  the  true  un- 
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derlying  causes  and  to  direct  intelligent  efforts  to  their  correction. 
Tlie  prognosis  is  to  be  modified  according  as  tlie  motor  function  of 
ejaculation  is  in  a  state  of  healthy  activity  or  has  suffered  from  par- 
alysis, with  atony  of  the  ducts  or  other  parts.  The  subject's  mental 
condition  has  a  modifying  influence  upon  the  prognosis  as  regards 
ultimate  recovery.  If  the  excesses  upon  which  the  incontinence  de- 
pends are  the  result  of  mental  defect  or  of  serious  nerve  derangement, 
it  is  probable  that  the  losses  will  continue  unless  the  nervous  disorder 
is  cured.  In  these  cases,  too,  just  as  in  idiocy  and  imbecility,  the  onan- 
istic  practices  are  more  than  likely  to  be  persisted  in.  If  the  family 
history  points  to  insanity,  epilepsy,  or  grave  nervous  symptoms,  the 
outlook  is  not  bright.  In  the  incontinence  of  advanced  life  there  is 
a  natural  degeneracy  to  contend  with,  which  prevents  our  promising 
too  great  results  from  therapeutic  effort.  Spermatorrhoea  resulting 
from  cerebrospinal  or  other  grave  nerve  disease  offers  little  chance 
of  being  cured  or  even  improved. 

Prophylaxis. 

Spermatorrhoea  is  one  of  the  preventable  diseases,  and  hence  the 
rational  time  to  treat  it  is  before  it  begins.  Since,  as  we  have  seen, 
onanism  enters  almost  constantly  into  the  history  of  these  cases,  we 
have  here  a  strong  argument  in  favor  of  persistent  efforts  to  combat 
this  evil  and  unmanly  habit  in  all  possible  ways. 

The  hesitancy  which  parents  feel  about  instructing  their  chil- 
dren in  that  most  important  branch  which  deals  with  the  sexual  life 
and  function  often  arises  from  a  groundless  fear  that  by  broaching 
the  subject  they  may  themselves  be  the  means  of  suggesting  a  prac- 
tice to  youth  still  innocent.  Such  fear  is  usually,  I  believe,  without 
foundation.  If  the  habit  has  been  begun,  as  will  probably  be  the 
case  if  the  boy  is  approaching  puberty,  a  frank  talk  may  prevent  its 
being  continued  to  the  danger  point.  If  he  never  has  known  himself 
carnally,  he  will  usually  heed  the  words  of  counsel  and  refrain  when 
tempted.  Parents  occasionally  consult  me  as  to  the  advisability  of 
talking  to  their  children  upon  this  subject,  and  I  usually  advise  them 
to  do  so  when  the  children  are  of  an  age  to  understand.  If  once  the 
father  secures  the  son's  confidence  and  talks  to  him  with  kindly 
frankness,  gOod  results  will  follow.  A  difficulty  often  encountered  is 
the  gross  ignorance  of  the  whole  matter  upon  the  parents'  part,  so 
that  success  is  by  no  means  assured.  If  the  medical  adviser  is  called 
upon  to  act  the  tutor's  part,  let  him  remember  not  to  treat  his  pupil 
as  an  unregenerate  wretch,  but  as  the  boy  who  is  father  to  the  man 
and  as  a  possible  author  of  his  own  spermatorrhoea,  unless  he  re- 
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ceive  proper  iDstructiou  and  be  directed  in  a  proper  course.  The 
sexual  igiiorauee  which  exists  to-day  is  a  reproach  to  the  medical 
professiou,  aud  tlie  increase  in  contrary  sexual  instinct  depends 
largely  upon  the  unchecked  practices  which  have  been  permitted  to 
flourish  through  ignorance.  As  I  have  elsewhere  explained,  this 
branch  of  knowledge  cannot  well  be  taught  in  the  i>ublic  schools,  but 
parents  can  inform  themselves  and  transmit  their  knoM- ledge  in  proi)er 
ways  and  at  proper  times  to  their  sons.  It  must  surely  be  something 
akin  to  false  modesty  which  prevents  the  mention  of  organs  and  func- 
tions whose  importance  in  the  economy  of  nature  is  so  vast,  especially 
when  ignorance  is  often  so  disastrous.  Not  only  rasij  various  weak 
states  be  broiTght  on  by  early  error,  but  the  whole  sexual  life  of  the 
individual  may  be  so  influenced  that  normal  hetero-sexual  atti-actions 
will  suffer  a  decline,  perverted  instincts  will  be  engendered,  and 
various  sexual  neuroses  will  develop. 

In  broaching  the  question  with  one  whose  confidence  would  be 
secured,  everything  in  the  nature  of  levity  or  ridicule  should  be 
avoided,  and  the  matter  should  under  no  circumstances  be  treated  in 
a  trivial  or  frivolous  manner.  Sti-aightforward,  Sympathetic  com- 
mon sense  is  what  is  recxuired.  By  impressive  reasoning  the  boy's 
mind  can  usually  be  led  into  proper  channels.  Since  it  has  been 
shown  that  mental  equilibrium  is  interfered  with  more  by  derange- 
ment of  the  procreative  powers  than  by  that  of  any  other  function, 
all  precautions  should  be  taken  to  prevent  morbid  brooding  over  real 
or  fancied  seminal  losses,  especially  in  those  whose  antecedents 
render  them  predisposed  more  than  others  to  insanity.  Parents, 
teachers,  religious  instructors,  and  physicians  may  rest  assured  that 
the  boy  will  acquire  a  faulty  knowledge  of  those  subjects  about  which 
they  neglect  to  instruct  him  in  a  proper  manner  from  the  pernicious 
literature  of  the  self-seeking  quack,  which  is  sure  to  find  its  way  into 
his  hands.  The  mailing  lists  of  many  of  these  charlatans  are  made 
lip  largelj^  from  the  catalogues  of  boys'  schools,  and  the  pamphlets  dis- 
ti'ibuted  are  well  calculated  to  cause  the  'youth  to  magnify  his  vague 
symptoms  aud  perhaps  bring  on  results  more  to  be  di'eaded  than 
those  which  would  naturally  follow  his  indiscretions.  For  a  parent 
to  grant  license  to  a  growing  son  in  the  matter  of  illicit  sexual  in- 
tercourse is  incompatible  with  reason  or  safety.  Besides  the  danger 
from  infection  with  loathsome  diseases,  excesses  may  be  readily 
fallen  into,  the  results  of  which  equal  those  from  onanism.  Conti- 
nence in  no  wise  interferes  with  continuance  of  perfect  health,  and 
erroneous  views  to  the  contrary  should  be  corrected. 
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Treatment. 

In  most  cases  the  treatment  must  be  both  local  and  general, 
but  before  starting  upon  a  plan  of  medication  and  instrumenta- 
tion we  must  search  out,  as  far  as  it  is  at  all  possible,  the  causes 
which  have  been  operative  in  establishing  the  condition  confronting 
us.  In  one  case  it  will  be  the  vicious  habit  which  first  of  all  needs 
correction;  in  another  the  excess  which  must  be  put  in  check.  At 
times  constitutional  defects  and  derangements  must  receive  our  first 
attention ;  at  others  we  have  but  to  direct  our  energies  to  the  correc- 
tion of  local  derangements,  and  the  battle  is  won. 

Naturally,  the  management  of  nocturnal  incontinence  differs  some- 
what from  the  plan  of  treatment  which  we  would  institute  for  pollu- 
tions occurring  while  the  patient  is  about  his  daily  occupation,  or 
for  that  form  in  which  there  is  true  seminal  loss  after  the  passage  of 
fgeces  or  urine.  In  the  former  case  we  must  see  to  it  that  there  is 
nothing  in  the  evening  habits  which  would  induce  congestion  of  the 
parts,  and  the  diet,  drinking,  and  bathing  habits  must  be  regulated 
accordingly.  The  bed  oil  which  the  patient  lies  should  be  preferably 
a  hair  mattress.  Some  device  may  be  resorted  to  in  order  to  prevent 
the  dorsal  decubitus,  since  lying  flat  upon  the  back  favors  by  mechan- 
ical pressure  an  evacuation  of  the  vesicles.  The  bladder  should  be 
emptied  for  the  same  reason,  not  only  upon  retiring  but  also  when 
the  patient  awakens  during  the  night  and  in  the  early  morning ;  or 
he  should  arrange  to  be  awakened  for  this  purpose  at  a  stated  hour. 
In  a  word,  the  direct  exciting  cause  as  well  as  the  more  remote  under- 
lying constitutional  condition  must  receive  our  careful  consideration. 

In  one  case  it  will  be  a  phimosis  which  calls  for  circumcision  be- 
fore we  proceed  further  in  our  attempts  at  cure ;  in  another  it  will  be 
a  strictured  state  of  some  portion  of  the  urethra,  perhaps  of  the  mea- 
tus alone,  the  correction  of  which  is  all  that  will  be  found  necessary 
to  cure  the  symptom  it  has  occasioned.  In  still  other  instances  we 
shall  find  one  or  the  other  of  the  many  deviations  from  normal  condi- 
tions which  may  excite  to  seminal  loss.  Gonorrhoeal  or  other  inflam- 
mations of  the  urethra  will  need  to  be  cured.  Seminal  vesiculitis, 
prostatitis,  epididymitis,  orchitis,  or  cystitis  implicating  the  neck  of 
the  bladder  will  require  treatment.  The  rectum  must  not  escape  our 
attention.  Lesions  or  pathological  conditions  here  located  are  fre- 
quent sources  of  irritation  which  induce  ejaculation  out  of  season. 
The  nerves  of  this  whole  region,  when  irritated,  as  by  ascarides,  fis- 
sures, fistulse,  hemorrhoids,  pruritus,  or  the  presence  of  hardened 
faeces,  act  reflexly  upon  the  ejaculatory  apparatus.     The  correction  of 
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whatever  is  here  foimil  to  Ix^  iibuoruKil  inuy  put  au  eud  to  the  in- 
coutinence  for  which  treatmeut  is  sought. 

Through  rectal  exploratiou  the  state  of  the  seiniual  vesicles  is 
made  out,  and  in  the  spermatorrhtjea  ol"  i)lethora  or  overdisteutiou  of 
the  organs  the  contents  may  be  pressed  out  and  massage  ai)plied  by 
the  tiiiger  ti[).  The  condition  of  the  prostate  is  also  best  apx)reciated 
by  means  of  the  rectal  touch,  and  this  method  offers  such  fruitful  re- 
sults in  diagnosis  that  it  should  never  be  neglected. 

Conditions  of  the  general  system  which  cause  the  functional  de- 
rangement are  usually  of  so  serious  and  firmly  established  a  nature 
that  they  rise  in  importance  far  above  the  resulting  symptom  of  in- 
continence. This  purely  symptomatic  form  of  seminal  loss  must 
naturally  be  differentiated  with  care  from  that  which  is  primary,  in 
deciding  upon  a  line  of  treatment.  In  diurnal  losses  we  must  search 
for  local  lesions  of  the  deeper  urethra  and  adjacent  parts,  as  well  as 
for  affections  of  the  nerves  which  preside  over  ejaculation.  The 
centres  governing  this  act  are  situated,  as  we  have  seen,  near  the 
centres  for  vasomotor  innervation,  and  agencies  which  affect  the  one 
are  apt  to  influence  the  other. 

Local  Treatment. 

This  consists  chiefly  and,  as  we  have  seen,  at  times  whoHy  in  cor- 
rection of  the  pathological  process  which  is  at  the  root  of  the  func- 
tional disorder.  It  is  usually,  in  the  early  stages,  a  hyperaemia  of  the 
prostatic  portion  which  must  be  subdued  by  calming  injections,  the 
careful  and  methodical  i3assage  of  smooth,  metallic  instruments,  in- 
stillations and  hydrotherapeutic  procedures,  rectal  douches,  and 
douchings  of  the  external  genitals.  The  latter  I  prefer  to  have  carried 
out  only  in  the  morning,  when  nocturnal  pollutions  are  in  question, 
since  at  night  excitation  may  be  occasioned  by  determining  an  in- 
creased supply  of  blood  to  the  parts  and  thus  rather  favor  emissions 
than  otherwise.  In  true  spermatorrhoea  douches  may  be  ordered 
both  night  and  morning,  and  salt  may  be  advantageously  added 
to  the  water  for  its  tonic  effect,  especially  in  advanced  cases.  In 
the  latter  when  atony  is  present  more  energetic  measures  must  be 
resorted  to.  Frictions  after  the  douche,  alternating  hot  and  cold 
streams,  and  alternating  hot  and  cold  sitz  baths,  will  be  found  of  ben- 
efit. "WTien  hypersesthesia  accompanies  the  congested  state  metallic 
sounds  introduced  regularly  fulfil  the  double  indication  of  pressing 
out  the  blood  for  the  time  being  from  the  distended  vessels,  and  of 
so  blunting  the  nerve  endings  that  the  hypersensitiveness  becomes 
gradually  diminished.     To  effect  this  object  the  patient  should  pre- 
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sent  liimself  for  treatment  on  alternate  days  for  a  season,  the  inter- 
vals being  gradually  lengthened  as  improvement  goes  on,  until  a  pe- 
riod of  a  week  or  ten  days  intervenes  between  the  applications.  The 
length  of  time  which  the  sound  should  be  left  in  situ  varies  with  the 
extent  of  the  hypersesthesia  and  the  relief  obtained.  Most  cases  will 
receive  all  the  benefit  that  can  be  secured  in  this  way  by  a  ten-minute 
contact  with  the  instrument,  which  may  be  lubricated  either  with 
some  bland  liquid,  such  as  albolene,  liquid  vaseline,  or  phenolated 
sweet  oil,  or  with  a  mildly  medicated  ointment.  Various  topical 
remedies  have  been  advised  as  suitable  for  introduction  in  this  man- 
ner or  upon  a  cupped  sound,  which  is  a  surer  method,  or  by  means 
of  a  specially  devised  instrument  for  depositing  suppositories  in  the 
deep  urethra,  of  which  we  shall  presently  speak.  Very  chronic  cases 
may  receive  greater  benefit  from  a  more  lengthy  contact  of  the  metallic 
instrument,  while  on  the  other  hand  very  acute  cases  will  improve 
more  rapidly  from  a  three-  to  five-minute  contact  only.  The  size  of 
the  sound  should  be  gradually  increased  at  each  sitting  until  the  full 
calibre  of  the  canal,  as  shown  by  measurement,  has  been  reached. 
When  the  meatus  does  not  admit  the  projDer  number,  it  is  probable 
that  the  incontinence  itself  will  be  benefited  by  a  meatotomy. 

Among  hollow  instruments  for  depositing  medicated  cones  or  sup- 
positories in  the  hypersesthetic  and  congested  areas  of  the  canal  may 
be  mentioned  Harrison's  so-called  pessary  catheter,  and  similar  de- 
vices introduced  by  Weltzmann,  Dittel,  and  others.  By  means  of 
these  instruments  cones  of  any  desired  length  and  medicated  in  ap- 
propriate strength  may  be  deposited  at  points  accurately  located  and 
measured  off  beforehand.  The  cone,  having  a  rounded  or  acorn- 
shaped  extremity  facilitating  introduction,  is  pushed  from  the  end  of 
the  instrument  by  means  of  an  obturator  or  stylet  after  the  tube  has 
been  introduced  to  the  point  desired. 

Among  the  drugs  found  useful  for  employment  in  this  way  are 
ergotin,  of  which  one  grain  can  be  used  in  each  cone ;  fluid  extract 
of  gelsemium,  iT^  v. ;  extract  of  belladonna,  gr.  ss. ;  iodoform,  gr.  i. ; 
thallin,  gr.  i. ;  aristol,  gr.  i. ;  airol,  gr.  i.  Zinc  and  other  astrin- 
gents, and  morphine,  cocaine,  or  other  drugs  of  a  sedative  nature 
may  be  added  to  the  list,  as  the  requirements  of  different  cases  may 
suggest. 

Cauterization  is  indicated  in  the  more  chronic  and  obstinate  exam- 
ples, especially  in  those  of  long  standing  when  the  hypersensitive- 
ness  has  been  succeeded  by  a  condition  of  inertia  and  lack  of  tone. 
The  parts  being  in  a  relaxed  and  torpid  condition,  the  stimulating 
effect  of  a  caustic  is  required.  Lallemand's  instrument  or  Langle- 
bert's  modification  or  other  specially  devised  porte-caustique  may  be 
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used  for  this  purpose.  Here  it  would  not  answer  to  have  the  suppos- 
itory- containing  a  strong  percentage  of  silver  project  from  the  mouth 
of  the  instrument,  for  there  would  then  be  an  effect  produced  upon  the 
whole  extent  of  the  urethra.  In  the  Dittel  instrument  the  supposi- 
tory is  introduced  at  the  outer  opening  and  pushed  by  the  obturator 
the  whole  length  of  the  instrument,  to  be  deposited  at  the  proper 
point.  One-third  grain  is  the  usual  quantity  of  silver  in  each  sup- 
pository. The  same  purpose  is  effected  by  means  of  the  Ultzmann 
deep  urethral  sj^ringe,  with  which  a  few  drops  of  any  desired  solu- 
tion of  silver  may  be  locally  applied.  This  instrument  can  also 
be  made  use  of  to  bring  concentrated  solutions  of  astringent  sub- 
stances into  contact  with  limited  areas,  a  course  which  in  some  in- 
stances results  in  decided  benefit.  Here,  too,  the  cold-water  sound 
or  psychropliore  of  Winteruitz  will  be  found  of  value,  giving  at  the 
same  time  the  sedative  effect  of  continued  cooling  and  the  benefit  of 
pressure.  The  advantage  over  the  sound  is  that  the  latter  does  not 
remain  long  cool  after  it  is  brought  into  contact  with  the  heated  and 
perhaps  inflamed  tissues.  The  effect  upon  the  caput  gallinaginis  can 
be  well  regulated  by  means  of  this  double  tube,  and  when  desirable 
hot  water  may  be  substituted  for  the  cold,  or  they  may  be  used  alter- 
nately. 

Electricity  has  here,  as  elsewhere  in  genito-urinary  work,  a 
sphere  of  utilitj- .  I  have  seen  decided  benefit  result  from  a  course 
of  galvanism;  the  negative  metallic  bulb  of  appropriate  size  may 
be  introduced  into  the  prostatic  portion  of  the  urethra  or  applied 
near  the  mouths  of  the  ejaculatory  ducts,  while  the  positive  sponge 
electrode  is  pressed  against  the  perineum  or  any  indifferent  surface  of 
the  body.  Only  mild  currents  should  be  used,  especially  at  first,  not 
exceeding  five  milliamperes,  and  the  sittings  should  extend  over  a  few 
minutes  only.  These,  however,  may  be  repeated  at  short  intervals — 
daily  or  every  second  day — and  as  improvement  goes  on  the  in- 
tervals may  be  lengthened  to  from  three  days  to  a  week.  It  is 
probable  that  in  atonic  forms,  when  there  is  loss  of  motor  power  and 
the  ejaculations  are  feeble,  the  faradic  current  may  be  of  advantage, 
especially  in  cases  showing  anaesthesia  of  the  parts  and  in  those  in 
which  seminal  losses  occur  with  the  penis  in  a  flaccid  state.  Here  it 
has  been  found  that  better  results  are  obtained  when  the  negative 
electrode  is  applied  in  that  portion  of  the  rectum  which  corresponds 
to  the  prostate,  while  the  anode  is  placed  over  the  perineum. 

General  faradization  or  the  application  of  the  galvanic  current  to 
the  spinal  region  is  of  utility,  but  a  consideration  of  these  measures 
belongs  more  properly  to  the  following  section. 
Vol.  VIL— 41 
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General  Treatment. 

Here  faradization  can  be  combined  witli  drug  medication,  hydro- 
therapy, massage,  hygiene,  and  all  other  measures  which  will  be 
found  at  one  time  or  another  of  benefit  in  suitable  cases.  Constipa- 
tion exists  with  pronounced  frequency  in  spermatorrhoeics,  and  espe- 
cially in  false  spermatorrhoeics  or  those  who  may  be  said  to  suffer 
from  spermatophobia.  The  hardened  faeces,  the  straining  necessary 
to  an  evacuation,  the  pressure  through  the  rectum  upon  the  seminal 
vesicles,  ejaculatory  ducts,  Cowper's  or  other  glands,  prostate,  and 
all  the  regions  involved,  act  in  a  mechanical  way  to  press  out  the  va- 
rious secretions.  The  constipated  condition  must  therefore  be  first 
of  all  relieved.  One  of  the  natural  waters,  such  as  Piillna  or  Hun- 
yadi,  or  an  occasional  dose  of  Epsom  or  Eochelle  salts,  is  of  benefit. 
While  it  is  not  probable  that  constipation  of  itself  can  be  the  cause 
of  true  spermatorrhoea,  it  may  induce  emissions  in  sleep,  and  when 
losses  by  day  exist  from  other  cause  it  tends  to  aggravate  the  condi- 
tion, and  hence  should  always  be  corrected.  Faradization  to  the  ab- 
domen may  aid  in  securing  this  effect.  Prostatitis  is  frequently 
present,  and  must  be  treated  in  a  general  as  well  as  in  a  local  man- 
ner, and  until  it  is  relieved  the  reactionary  effect  upon  the  natural 
movements  of  the  bowels  is  unfavorable. 

Hydrotherapy  applied  in  one  or  the  other  of  its  many  forms  or  in 
a  combination  of  several  of  them  is  of  great  value  in  all  forms  of 
seminal  losses.  Besides  the  early  morning  plunge,  the  cold  bath 
or  sponge,  sprays  directed  against  the  spinal  column,  the  Scottish 
douche,  the  ascending  douche  against  the  perineum  and  external  gen- 
itals, the  dripping  sheet,  the  wet  pack,  sitz  baths,  and  cold  frictions, 
all  have  a  tonic  effect  upon  the  nerves,  and  by  improving  diges- 
tion, assimilation,  and  general  nutrition  indirectly  prove  markedly 
beneficial  to  the  more  localized  affection.  A  powerful  effect  can  be 
secured  by  heating  the  body  in  the  sweating  box  before  applying  the 
cold  douches.  Friction  of  the  whole  surface,  especially  with  salt 
water,  followed  by  dry  rubbing  until  the  skin  is  aglow,  offers  in 
a  most  simple  manner  a  plan  of  treatment  applicable  to  almost  all 
cases  and  highly  beneficial  in  most  of  them. 

Hygiene,  both  general  and  sexual,  is  of  great  importance.  The 
daily  life  should  be  regular,  the  diet  non-stimulating,  the  mind  free, 
and  the  bowels  active.  Alcohol  should  be  forbidden,  especially  at 
night.  All  that  tends  to  engorge  the  prostate  should  be  studiously 
avoided.  Out-of-door  exercises  should  aid  in  keeping  the  mind  en- 
gaged and  free  from  suggestive  thoughts,  since  the  lascivious  dreams 
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of  night  are  often  but  a  reflection  of  the  thoughts  by  day  and  may  be 
active  agencies  in  seminal  emissions. 

Copuhition  is  in  most  instances  detrimental  to  the  patient  and  in- 
strumental in  delaying  the  cure.  In  certain  cases,  however,  mar- 
riage is  followed  by  the  most  beneficial  results,  and  if  it  occurs  in  the 
natural  course  of  events  and  is  not  entered  upon  with  the  sole  view 
of  finding  in  it  a  cure,  well  and  good ;  but  it  should  never  be  urged 
nor  even  advised  as  a  therapeutic  measure. 

Bicycle  exercise  as  well  as  horseback  ridiug  is  to  be  advised,  espe- 
cially in  instances  showing  engorgement  of  the  hemorrhoidal  veins. 
Wherever  there  is  enlargement  of  an  organ,  be  it  prostate  or  seminal 
vesicle,  without  inflammation,  I  believe  that  carefully  regulated  exer- 
cise on  the  wheel,  with  a  proper  fitting  and  i)roijerly  adjusted  saddle, 
will  result  in  improvement  of  the  condition.  Even  riding  over  uneven 
pavements  might  be  ad%dsed,  to  give,  as  it  were,  a  vibratory  massage 
to  the  perineum  and  organs  situated  within  the  pelvis. 

Remedial  agents  of  a  more  strictly  medicinal  nature  are  numerous 
enough,  but  those  that  are  truly  effective  are  few  indeed.  In  order  to 
choose  the  proper  drug  and  use  it  intelligently,  the  exact  condition  to 
be  relieved  must  be  kept  constantly  in  view.  Tonics  are  much  too 
apt  to  be  taken  where  sedatives  are  in  realitj'  required,  and  the  patient 
doses  himself  in  a  haphazard  sort  of  a  way,  without  securing  the 
hoped-for  benefit.  Among  the  most  useful  dnigs  for  sedative  effect 
are  opium,  camphor,  and  hyoscyamus.  The  bromides  exert  an 
especially  beneficial  action  upon  the  abnormal  excitability  of  the 
genital  centre.  The  monobromate  of  camphor  is  notabl}'-  effica- 
cious in  some  cases.  In  the  spermatorrhoea  of  plethora,  Bartholow 
recommends  a  combination  of  bromide  of  potassium  and  digitalis. 
Belladonna  and  gelsemium  are  also  highly  spoken  of  as  efficient 
remedies. 

It  is  in  the  later  stages  and  in  the  atonic  forms  that  strychnine, 
quinine,  iron,  phosphorus,  and  drugs  of  similar  tonic  effect  have 
their  field  of  greatest  usefulness.  They  may  be  administered  sepa- 
rately or  several  may  be  given  in  combination.  A  very  useful  admix- 
ture is  that  of  phosphorus  with  strychnine  and  iron,  or  the  phos- 
phorus may  be  used  in  the  form  of  phosphide  of  zinc.  The  drug 
which  has  of  late  seemed  to  me  to  give  the  best  result  is  the  ammoni- 
ated  sulphate  of  copper.  I  have  certainly  had  numerous  successes 
with  it  in  incontinence  of  urine  as  well  as  in  seminal  incontinence.  It 
is  a  powerful  nerve  tonic  and  was  recommended  ""  originally  for  inconti- 
nence of  urine,  after  it  had  proven  itself  especially  effective  in  noctur- 
nal pollutions.  Of  the  following  mixture  five  or  six  drops  may  be 
given  in  water,  morning  and  night : 
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^  Cupri  sulphat.  ammoniat., gr.  vi. 

Liquoris  ammoniae, gtt.  x. 

Aquge  destillat.,  ad  |  i. 

Where  no  organic  process  is  in  question,  too  frequent  nightly- 
emissions  should  soon  cease  under  the  use  of  this  drug  alone,  or  when 
its  administration  is  combined  with  hygienic  regulations  or  perhaps 
some  of  the  other  means  of  cure  which  we  have  enumerated. 

Sterility. 

Looking  upon  sterility  of  the  male,  as  we  do  at  the  present  day, 
in  the  light  of  modern  advance,  it  is  unquestionable  that  gross  injus- 
tice has  been  done  the  opposite  sex  in  times  past.  The  legal  status 
of  the  woman  who  was  a  party  to  a  childless  marriage  has  been  far 
from  enviable  in  many  countries  and  at  many  jjeriods  of  the  world's 
history.  Even  to-day  among  the  orthodox  Jews  the  husband  may  di- 
vorce the  wife  who  has  remained  seven  years  childless. 

It  is  more  than  jprobable  that  laws  made  by  man  to  govern  the 
case  were  framed  more  in  ignorance  than  in  egotism.  If  the  woman 
did  not  conceive  it  was  naturally  thought  to  be  because  of  some  fault 
or  defect  upon  her  own  part,  and  the  discovery  of  any  diseased  condi- 
tion of  the  pelvic  organs  only  served  to  confirm  the  opinion  formed. 
Presumably  then,  as  now,  gonorrhoeal  salpingitis  and  other  affec- 
tions of  the  adnexa  prevailed  and  resulted  in  many  fruitless  unions, 
for  which  the  male  was  primarily  to  blame,  to  say  nothing  of  those 
instances  of  sterility  affecting  the  male  partner  alone,  but  for  which 
the  female  received  censure. 

Even  to-day,  it  is  the  woman  who  instinctively,  as  it  were,  seeks 
in  her  own  person  the  cause  of  non-fructification  and  presents  herself 
to  the  physician  to  discover  why  it  is  that  she  does  not  become  preg- 
nant, and  to  demand  relief  from  her  supposed  defect.  We  are  only 
beginning  to  realize  how  much  blame,  both  direct  and  indirect,  must 
attach  to  the  male,  when  normal  sexual  union  fails  to  result  in  im- 
pregnation. Vedder,®  of  Christiania,  in  three  hundred  and  ten  in- 
stances of  sterility  in  marriage,  found  that  seventy  per  cent,  were  due 
to  the  husband,  either  through  azoospermia  or  impotence,  or  because 
of  the  wife's  infection  with  gonorrhoeal  disease  from  her  male  partner. 
This  casting  of  blame  upon  the  woman  in  only  thirty  per  cent,  of 
the  cases  is  in  striking  contrast  to  the  percentage  as  given  by  most 
authors.  One  recent  writer  "  says  that  "  few  would  subscribe  to  the 
opinion  promulgated  by  the  late  Dr.  Gross  that  in  more  than  sixteen 
per  cent,  of  sterile  marriages  the  fault  is  to  be  ascribed  to  the  man 
and  not  to  the  woman. " 

Definition. — Sterility  as  it  concerns  us  at  the  present  time  may  be 
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defined  as  the  iuability  upou  the  [)ait  of  the  male  to  procreate  his 
specdes.  It  is  usually  an  accompauiment  of  impotence,  but  impoteu- 
tia  generandi  may  exist  without  loss  of  i^ower  to  perform  coitus. 

Etiology 

The  causes  of  sterility  must  be  divided  into  those  which  have 
to  do  with  the  spermatozoa  themselves;  those  which  concern  the  pas- 
sages through  which  the  sperma  passes  or  the  motor  apparatus  wiiich 
is  active  in  the  j^ropulsion  of  the  fluid;  and  those  causes  which  are 
psychical,  either  of  embryonic  origin  or  acquired.  In  the  first  class, 
the  sexual  organs  may  be  in  all  resjiects  w^ell  formed  and  so  far  as  ap- 
pearances are  concerned  normal  in  functional  activities. 

An  etiological  classification  has  been  suggested  in  which  sterility 
is  to  be  looked  upon  as  organic  when  there  is  obstructive  derangement 
on  the  part  of  the  ejaculatory  apparatus ;  as  atonic  when  it  results 
from  a  condition  of  inexcitability  of  the  ejaculatory  centre;  as  anaes- 
thetic when  due  to  a  lack  of  sensitiveness  in  the  nerve  filaments  of  the 
glans  penis ;  and  as  psychic  when  the  mental  activity  is  sufficient  to 
inhibit  the  genital  centre  in  the  si:)inal  cord.  Before  proceeding  to  a 
study  of  the  pathological  changes  which  render  the  semen  incapable 
of  performing  its  normal  generative  function,  we  must  first  review  the 
physiological  properties  of  the  impregnating  fluid. 

Normal  Composition  and  Secretion  of  Semen. 

The  seminal  fluid  cannot  be  considered  as  constituted  wholly  by 
the  secretion  of  the  testes  alone.  It  is  rather  a  composite  product  of 
these  organs,  together  with  the  normal  secretions  of  those  accessory 
glandular  organs  which  are  connected  with  the  urethra.  These  ad- 
nexa  include,  besides  the  mucous  glands  of  the  urethra  itself,  Cow- 
per's,  those  of  the  prostate,  and  the  secreting  surfaces  of  the  seminal 
vesicles.  In  the  latter  receptacles  the  testicular  secretion  is  stored  up 
for  a  longer  or  shorter  period,  and  has  ample  time  to  become  mixed 
with  the  normal  secretion  of  these  organs  before  it  is  thrown  ofl\  In 
fact,  the  whole  mucous  area,  over  w^hich  the  semen  which  is  elabo- 
rated in  the  seminiferous  tubules  passes  before  it  finds  its  exit  at  the 
meatus  of  the  urethra,  contributes  to  its  composition.  It  is  a  thick, 
whitish,  or  opalescent  fluid,  very  suggestive  of  boiled  starch,  contain- 
ing, besides  spermatozoa,  a  variable  number  of  spermatic  cells,  semi- 
nal granules,  and  squamous  and  columnar  epithelium.  The  fluid  has 
an  alkaline  reaction,  an  odor  said  to  suggest  freshly  sawed  bone  or  bone 
marrow,  and  when  recently  voided  and  exposed  to  the  air  it  coagu- 
lates after  a  shoi-t  time,  but  subsequently  becomes  more  fluid  than  it 
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was  at  first.  The  quantity-  normally  thrown  off  varies  from  two  to 
four  drachms.  If  allowed  to  stand  in  a  test  tube  about  haK  the  bulk 
deposits  after  a  few  hours,  representing  the  solid  ingredients,  the  'up- 
per half  remaining  liquid.  In  polyspermia,  a  rare  condition,  twice 
the  normal  quantity  of  semen  may  be  ejaculated,  the  increased  bulk 
consisting  chiefly  of  the  watery  constituents.  The  spermatozoa 
alone  constitute  the  fertilizing  element  of  this  fluid,  and  are  estimated 
to  exist  in  man  in  the  proportion  of  sixty  thousand  to  each  cubic 
millimetre  of  seminal  fluid.  The  same  calculation  would  give  in  the 
neighborhood  of  two  hundred  and  twenty-five  million  of  these  minute 
elements  of  life  as  the  number  present  in  each  normal  ejaculation. 
If,  as  is  supposed,  one  of  them  alone  is  sufficient  for  the  fertilization 
of  an  ovum,  it  would  seem  that  nature  is  most  lavish  in  her  supply  of 
these  particular  cell  elements.  If,  furthermore,  we  believe  that  each 
separate  cell  may  contain  not  only  that  which  goes  to  reproduce  the 
form  and  feature,  but  the  very  traits  of  character  and  disposition  of 
the  progenitor  as  they  will  be  developed  in  the  offspring,  then  the 
wonder  of  the  whole  matter  seems  beyond  the  possibilities  of  our 
powers  of  conception. 

The  spermatozoid  is  the  product  of  the  testicles  alone.  In  man, 
and  in  most  of  the  higher  animals  as  well,  its  form  and  action  are  most 
suggestive  of  a  minute  tadpole.  It  is  the  equivalent  of  a  cell  whose 
nucleus  is  represented  by  the  head,  while  the  cell  body  is  replaced  by 
a  delicate  layer  of  protoplasm  enveloping  the  head,  and  forming  the 
tail.  The  tail  has  a  continuous  lashing  or  cilia-like  motion  so  long 
as  the  spermatozoid  is  possessed  of  vitality  and  finds  itself  in  an  al- 
kaline medium  suitable  for  its  continued  existence  and  motility,  and 
the  general  aspect  of  the  microscopic  field  is  one  of  great  animation. 
Each  separate  squirming  spermatozoon  seems  endowed  with  powers 
of  perception  and  wriggles  about  as  though  with  definite  purpose. 

The  seminal  granules  are  minute  particles,  averaging  6  ij-  in  di- 
ameter. They  take  stains  deeply  and  are  supposed  to  be  derived 
from  the  disintegrated  nuclei  of  the  nutritive  cells  of  the  seminiferous 
tubules.  According  to  some  scientists,"^  they  are  eliminated  from 
the  spermatozoids  in  their  process  of  maturation,  and  correspond  to 
the  extrusion  globules  of  the  ova. 

Some  interesting  experiments  which  have  recently  been  carried  out 
upon  dogs '^'^  have  a  bearing  upon  our  knowledge  of  the  development 
of  spermatozoids  and  the  action  under  stimulation  and  repose  of  the 
secreting  function  of  the  testes  and  accessory  generative  glands.  It 
has  been  found  that  if  the  semen  is  artificially  extracted  each  day,  the 
total  quantity  not  only  gradually  diminishes,  but  the  number  of 
spermatozoids  in  each   cubic   millimetre   is  likewise  markedly  de- 
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creased.  This  decrease  is  more  pronounced  if  several  ejaculations 
are  produced  in  the  same  day.  As  the  result  of  a  short  period  of  re- 
pose, there  is  noted  a  fourfold  increase  in  the  number  of  spermato- 
zoids,  while  an  eight-day  interval  of  rest  results  in  a  smaller  number 
being  found  than  were  originally  present. 

This  same  observation  is  to  be  made  clinically  in  a  modified  de- 
gree. If  coitus  is  frequently  repeated  the  number  of  spermatozoids 
diminishes,  while  after  a  period  of  rest  they  become  more  numerous. 
In  the  same  way,  after  a  period  of  freedom  from  emissions  the  size  of 
the  individual  filament  is  larger,  while  if  the  emissions  are  frequent 
they  appear  smaller,  having  had  less  time  in  which  to  attain  full  de- 
velopment. 

Normally,  each  microscopic  field  should  represent  in  round 
numbers  one  hundred  spermatic  elements.  The  average  size  in  the 
monkey  is  given  by  St.  George"  as  o!^  for  the  length  of  head  and 
50  [J-  for  length  of  tail.  The  breadth  of  head  is  3  jj.  and  its  greatest 
thickness  1  ij-.  In  man  the  measurements  are  approximately  the 
same.  Schweigger-Seidel  distinguishes  a  "  middle  piece"  between  the 
head  and  the  tail,  Avhich  in  man  usually  measures  6  ii.  Kolliker  first 
showed  that  in  spite  of  the  animal-like  appearances  and  motions  of 
the  elements,  they  were  not  independent  living  beings,  but  simply 
elementary  portions  of  the  organism ;  and  Henle  agrees  "s\-ith  this  ob- 
server in  regarding  the  head  as  a  metamorphosed  nucleus  of  the  sper- 
matic cell,  and  considers  the  formation  of  the  tail  as  depending  upon 
a  connection  of  the  head  with  the  cell.  Schweigger-Seidel  looks 
upon  the  filament  as  a  metamorphosed,  singly-ciliated  cell. 

In  some  fields  an  occasional  element  will  be  noticeable  by  the  rela- 
tively excessive  size  of  the  head.  These  occur  especially  in  the  stored- 
up  semen  of  continence.  I  have  called  these  the  "  old-father  sperma- 
tozoa." Other  unusual  forms  are  more  rarely  encountered  in  the 
double-headed  and  double-tailed  freaks.  Hydrocephalic  childi'en  and 
monstrosities  wdth  two  heads  upon  a  single  body  or  two  bodies  joined 
to  one  head,  are  strongly  suggested  to  the  mind  by  the  appearance  of 
such  unusual  vital  elements.  Spermatic  crystals  form  in  colorless, 
transparent  rhomboids  when  normal  semen  has  stood  quietly  for  sev- 
eral days.  When  no  spermatozoa  are  present  to  keep  the  mass  in 
motion  and  thus  interfere  with  crystallization,  they  form  very  early 
and  may  thus  have  a  diagnostic  significance. 

Abnormal  Features  of  Seminal  Secretion. 

Modifications  occur  in  the  semen  which  cause  it  to  assume  patho- 
logical peculiarities,  in  both  its  quality  and  its  quantity.  These  de- 
viations from  the  physiological  characteristics  which    we  have  re- 
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viewed  may  or  may  not  have  a  bearing  upon  tlie  fecundating  power 
of  the  fluid.  The  entire  absence  of  vitalizing  elements  in  the  ejected 
fluid  is  the  first  etiological  factor  in  the  study  of  sterility  which  will 
claim  our  attention. 

Azoospermatism. — In  this  condition  of  true  idiopathic  sterility  the 
power  of  performing  coitus  remains  unimpaired  and  ejaculation  takes 
place  in  a  seemingly  normal  manner,  both  subjectively  and  objec- 
tively. There  is,  however,  so  important  an  alteration  in  the  ejected 
fluid  that  it  falls  short  of  its  mission  of  fructifying  the  ovum.  The 
semen  may  appear  normal  both  in  quantity  and  quality,  so  far  as  the 
gross  appearances  are  concerned;  but  if  it  be  subjected  to  microscopic 
analysis,  its  total  lack  of  functional  worth  becomes  at  once  apparent, 
in  the  absence  of  spermatozoids. 

This  peculiar  condition  may  be  due  to  causes  which  are  either 
mechanical  or  organic.  Of  the  former  may  be  mentioned  occlusion 
of  the  vasa  deferentia,  resulting  from  traumatism,  inflammation,  or 
new  growth;  fuuiculitis,  cryptorchism,  etc.,  although  the  latter  con- 
dition more  commonly  results  in  sterility  for  the  reason  that  the 
testes,  retained  in  the  abdomen,  remain  undeveloped,  flabby,  and  are 
functionally  inadequate  to  the  production  of  fertilizing  spermatozoids. 

Of  the  organic  causes,  we  have  those  which  may  be  considered  as 
local  and  others  as  general.  The  local  would  include  changes  in  the 
testicles,  due  to  epididymitis  and  orchitis,  especially  when  double; 
and  those  due  to  other  local  diseases,  such  as  hydrocele  or  varicocele, 
or  to  local  injury.  The  general  would  embrace  those  nutritive 
changes  which  have  resulted  from  constitutional  diseases,  such  as 
syphilis,  diabetes,  tuberculosis,  poisoning,  chronic  alcoholism,  ex- 
cesses in  sexual  indulgence,  including  onanism,  and  injury  to  the 
nerve  centres,  especially  to  the  brain  and  more  particularly  the  cere- 
bellum. 

When  the  spermatozoids  have  not  entirely  disappeared  but  only 
occur  in  diminished  quantities,  the  condition  has  been  called  oligo- 
zodspermatism.  The  quality  as  well  as  the  quantity  shows  deteriora- 
tion, and  the  individual  element  is  small  and  shrivelled  and  its 
movements  are  either  quite  sluggish  or  have  ceased  entirely.  This 
condition  is  a  frequent  accompaniment  of  bloody  semen.  The  ster- 
ility is  proportionate  to  the  physical  features  presented,  but  it  may  be 
considered  as  absolute  when  there  is  no  evidence  of  life  noticeable  in 
repeated  examinations  of  the  fluid.  An  entire  absence  may  be  noted  at 
one  time,  and  in  a  subsequent  examination,  after  a  period  of  repose 
from  sexual  exertion  or  freedom  from  pollutions,  an  increased  quan- 
tity may  be  found. 

Hsematocele  furnishes  an  example  of  a  pathological  condition  in 
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which  a  considerable  diminution  in  the  number  of  spermatozoids  oc- 
curs. Azoospermia  is  in  most  instances  a  permanent  condition,  and 
furnishes  the  most  frequent  cause  of  childless  wedlock.  It  may  oc- 
cur without  the  etiological  factor  of  blood  or  xms. 

Another  cause  for  sterility  which  has  to  do  with  the  seminal  fluid 
alone  is  that  condition  called  aspermatism,  which  exists  when  there  is 
a  total  deficiency  in  the  production  of  seminal  fluid,  or  when,  having 
been  produced,  it  is  diverted  from  its  natural  channels  and  in  the  act 
of  ejaculation  fails  to  pass  out  at  the  meatus  in  the  natural  way. 
An  aspermatic  subject  may  jjresent  some  organic  defect  of  the 
genitals,  by  reason  of  which  the  semen  is  either  not  produced  or  is 
thrown  off  by  some  faulty  route.  Here,  as  in  many  of  these  abnor- 
mal states,  the  sexual  desires,  libido,  powers  of  erection,  intromis- 
sion, and  ejaculation  persist  in  a  normal  manner,  but  at  the  orgasm 
there  is  no  emission  of  seminal  fluid. 

We  might  classify  aspermatism  according  to  its  dependence  upon 
functional  disturbance  or  upon  some  well-defined  pathological  lesion. 
It  may  present  itself  as  a  congenital  defect  in  which  there  is  a  state  of 
non-excitabilit}-  of  the  reflex  centre  of  ejaculation.  A  pathological 
change  can  in  many  cases  be  distinctly  made  out.  Instances  are  re- 
corded in  which  at  each  ejaculation  the  semen  has  been  forced  back 
into  the  bladder  hj  reason  of  a  tight  strictui'e  or  similar  obstruction 
in  the  calibre  of  the  urethra.  There  is  no  deficiency  in  the  secretion 
of  the  fluid,  but  its  excretion  is  mechanically  hindered. 

The  obstruction  may  exist  in  that  portion  of  the  urethral  canal 
into  which  the  ejaculatory  ducts  oxjen  and  may  result  from  opera- 
tions for  stone  which  have  severely  injured  the  region  of  the  veru- 
montanum.  It  has  also  been  thought  that  the  plan  of  ti-eatment  by 
cauterization  of  the  prostatic  portion  of  the  urethra  with  the  solid 
stick  of  nitrate  of  silver,  once  so  prevalent  in  Germany  and  other 
parts  of  Europe,  has  been  fruitful  in  the  production  of  sterility  from 
this  same  cause.  Unquestionably,  any  decided  injury  in  this  portion 
of  the  canal,  whether  it  be  from  burning,  bruising,  cutting,  or  disin- 
tegration of  tissue,  such  as  might  follow  abscess  formation,  neo- 
plasms, or  infilti-ations,  may  so  interfere  with  the  ejaculatorj'  canals 
themselves  or  their  orifices  as  to  disqualify  them  for  the  passage  of 
seminal  fluid  in  the  natural  direction.  At  times  in  perineal  section 
for  the  relief  of  calculous  disease  the  ejaculatory  ducts  are  cut  across 
and  thus  obliterated,  or  the  injury  may  involve  the  mouths  of  the 
ducts  alone.  Concretions  may  form  in  the  seminal  vesicles,  and  in 
their  attempts  to  pass  through  the  ducts  may  occlude  them,  or  a  sym- 
Ijexion  lodging  in  one  duct  may,  by  pressure  upon  the  opposite  one, 
occlude  it  as  weU.     Reliquet  mentions  such  an  instance. 
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The  obstruction  may  be  located  much  farther  back  in  the  gener- 
ative tract,  as  when  the  canal  of  the  epididymis  is  obliterated.  Nat- 
urally, we  expect  this  to  occur  only  when  a  double-sided  epididymitis 
has  followed  blennorrhagia  or  syphilis.  This  is  a  rule,  however, 
to  which  excej)tions  have  been  pointed  out.  Sinety  has  observed 
sterility  in  at  least  two  instances  after  unilateral  epididymitis.'"  It 
is  not  quite  clear  how  this  can  be  the  case,  unless  some  preexisting 
disease  has  interfered  with  the  healthy  function  of  the  opposite  side 
or  some  coexisting  structural  defect  is  present.  Double  funiculitis, 
obliteration  of  the  vasa  deferentia,  or  occlusion  of  the  common  ejacu- 
latory  duct  may  be  the  cause  at  fault. 

Temporary  aspermatism  is  the  name  applied  to  those  conditions  in 
which  the  semen  flows  at  some  period  of  time  after  the  erection  has 
subsided  and  the  organ  has  again  become  flaccid,  as  in  emission  dur- 
ing sleep  shortly  after  copulation.  It  is  seen  for  the  most  part  in 
nervous  subjects,  and  a  reflex  neurosis  may  be  present.  Those  cases 
in  which  stricture  or  concretions  obstruct  the  outflow  are  temporary 
also,  in  the  sense  that  operation  for  removal  of  the  impediment  cures 
the  sterility.  Here,  at  the  moment  of  ejaculation,  there  is  often  very 
decided  pain. 

In  seminal  vesiculitis  and  in  prostatitis  the  semen  may  be  mixed 
with  pus  in  such  proportion  as  to  destroy  the  viability  of  the  vital 
elements,  or,  if  not  actually  destroyed,  they  may  be  so  inhibited  in 
their  activity  as  to  become  powerless  to  fecundate. 

Gonorrhoea  of  the  seminal  vesicles  is  a  condition  frequently  over- 
looked, but  one  which  is  a  fruitful  source  of  infection  in  those  recur- 
rent cases  of  urethritis  which  so  mysteriously  make  their  appearance 
in  certain  subjects  after  a  nocturnal  emission  as  well  as  following  the 
act  of  coitus.  In  this  condition,  especially  when  both  vesicles  are 
implicated,  Lloyd's  process  of  expression  of  their  contents  will  de- 
monstrate that  spermatozoa  are  diminished  in  number,  restricted  in 
their  motility,  or  are  perhaps  wholly  wanting.  In  like  manner,  pus 
from  a  prostatic  abscess  destroys  the  spermatozoids,  while  any  sup- 
purative inflammation  of  these  parts  may  result  in  cicatricial  occlu- 
sion or  stricture  of  the  duct.  The  normal  secretion  of  the  prostate 
gland  is  favorable  to  the  continued .  vitality  of  the  spermatic  ele- 
ments, and,  as  we  have  seen,  forms  a  considerable  x)ortion  of  the  bulk 
of  the  seminal  fluid;  but  the  moment  the  secretions  become  patho- 
logical from  the  presence  of  prostatitis  or  the  like,  the  opposite  effect 
is  produced,  and  they  prove  inimical  to  the  life  of  the  spermatozoid. 

To  revert  to  the  seminal  vesicle,  we  find  at  times  a  loss  of  tone  in 
the  muscular  wall,  which  permits  of  the  occurrence  of  a  state  of  over- 
distention,   leading  to  temporary  sterility.     In  inflammatory  affec- 


STERILnT.  651 

tion8  of  the  vesicle,  blood  may  be  present  in  the  discharge  with  or 
without  interfering  with  the  functional  activit}'  of  the  spermatozoa. 
This  condition  of  haemospermia  is  an  interesting  one,  and  we  will 
consider  it  here  at  some  length  before  i)roceeding  to  discuss  those 
disorders  leading  to  aspermatism  which  belong  to  the  second  class, 
i.e.,  those  which  are  functional. 

Hceniosjjeriitafisiii. — The  j^resence  of  blood  mixed  with  the  semen 
may  under  ordinary  conditions  have  no  bearing  upon  sterility,  still 
it  may  become  so  pronounced  that,  in  pai-ticular  ejaculations,  blood 
almost  in  its  purity  may  replace  the  semen;  and  while  this  state  of 
affairs  persists,  sterility  will  be  present.  At  any  rate,  the  condition 
has  a  very  proper  place  among  the  abnormal  features  of  seminal  se- 
cretion, and  deser^'es  consideration  here  because  of  the  pronounced 
mental  effect  which  the  presence  of  blood  has  upon  the  average  pa- 
tient. In  most  instances  the  ill  results  are  limited  to  those  produced 
upon  the  patient's  mind,  and  when  his  fears  have  been  allayed  no 
permanent  harm  follows. 

The  color  of  blood-mixed  semen  varies  from  a  bright  red  to  a  dull 
rusty  hue,  and  between  these  extremes  we  find  orange,  light  brown, 
dark  brown,  and  a  duU  or  dark  red  shade,  most  pronounced  at  times 
upon  the  borders  of  a  dried  staiu.  The  color  is  of  importance,  as 
having  a  bearing  upon  the  time  and  location  of  the  hemoiThage,  since 
we  can  judge  of  its  recent  or  remote  occurrence  by  the  brightness  or 
rusty  appearance  of  the  blood  stain ;  and  its  origin  is  suggested,  in 
a  measure  at  least,  by  the  same  feature.  The  manner  of  distribution 
of  the  staining  throughout  the  mass  is  likewise  of  importance  from 
a  diagnostic  standpoint.  If  evenly  diffused,  giving  to  the  entire  fluid 
a  uniform  tinge,  we  may  justly  infer  that  the  hemorrhage  originated 
within  the  seminal  vesicle,  probably  upon  both  sides.  If  one  por- 
tion of  the  area  which  has  been  stained  by  the  discharged  fluid  is 
deeply  colored,  while  another  area  is  but  slightly  so  or  not  at  all,  we 
may  draw  the  conclusion  that  one  vesicle  alone  is  affected.  It  was 
formerly  believed  that  bloody  semen  originated  in  the  testes  and  epi- 
didymis, but  it  has  been  quite  conclusively  shown  that  such  is  not 
the  case,  at  least  in  the  great  majority  of  instances.  Most  cases  are 
undoubtedly  of  inflammatory  origin,  and  the  nature  of  the  inflamma- 
tion is  usually  blennorrhagic. 

When  bright  and  seemingly  almost  pure  blood  is  ejected,  it  is  al- 
ways a  question  whether  it  may  not  originate  from  an  overcongested 
prostate;  but  if  it  follows  repeated  copulative  acts  carried  out  in 
quick  succession,  it  is  more  Hkely  to  proceed  from  a  vessel  ruptured 
in  the  repeated  spasmodic  conti-actions  to  which  the  vesicle  is  sub- 
jected in  its  empty  state.     If,  after  an  interval  of  some  days  or  weeks, 
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a  pollution  or  ejaculation  in  coitu  shows  a  uniform  rusty  semen,  the 
latter  substantiates  our  diagnosis.  A  mere  streaking  of  otherwise 
normal-appearing  fluid  may  depend  upon  an  acute  or  chronic  hyper- 
semia  or  an  inflammatory  disease  of  the  vesiculse  seminales,  but 
probably  much  oftener  has  its  source  in  an  inflamed  or  congested 
state  of  the  prostatic  urethra.  It  is  comparatively  frequent  after 
acute  blennorrhagia,  and  is  occasionally  seen  in  the  chronic  iorm. 
This  latter  condition  is  not  one  of  true  hsemospermia  as  we  under- 
stand the  term.  When  the  blood  stain  is  added  to  the  semen  in  the 
posterior  urethra,  as  Guyon  has  remarked,  the  latter  is  marbled,  as 
it  were,  with  streaks  of  red,  representing  the  markings  the  fluid  r§7 
ceives  in  its  i^assage  through  the  deeper  portion  of  the  canal.  This 
is  not  always  clearly  to  be  made  out.  In  a  very  recent  case  which 
was  under  my  treatment  for  a  slight  gleety  discharge,  ungratified  but 
.  prolonged  sexual  excitement  resulted  in  ejaculation  intra  hracas.  The 
semen  was  mixed,  so  far  as  the  patient  could  judge,  with  an  equal 
quantity  of  bright-red  blood.  This  evidently  had  its  origin  in  an 
acute,  active  congestion  of  the  deep  urethra,  since  subsequent  emis- 
sions showed  no  staining. 

While,  as  we  have  seen,  bloody  semen  is  of  inflammatory  origin 
and  often  a  symptom  of  spermatocystitis  or  chronic  seminal  vesicu- 
litis, still  many  cases  are  non-inflammatory,  and  this  latter  class  has 
recently  been  studied  by  Jamin."  When,  for  a  long  time,  the  seminal 
bladder  has  been  overdistended  and  perhaps  from  prolonged  conti- 
nence (a  negative  sort  of  sexual  excess)  becomes  filled  with  a  thick- 
ened, gelatinous  fluid,  bearing  a  resemblance  in  its  small  nodular 
masses  to  grains  of  boiled  sago,  and  perhaps  containing  veritable 
gritty  concretions,  the  walls  lose  their  natural  tone.  If,  now,  any  of 
the  causes  of  pelvic  congestion  prevail,  such  as  protracted  dorsal 
decubitus  during  illness  (I  have  seen  brown  semen  in  the  case  of  a 
man  who  had  been  suffering  for  a  fortnight  with  severe  seasickness), 
continued  pressure  upon  the  perineum,  as  in  horseback  or  bicycle  ex- 
ercise, especially  when  the  saddle  is  an  ill-fitting  one  and  the  length 
of  time  the  pressure  is  maintained  is  excessive,  the  small  vessels  of 
the  seminal  bladder  become  overdistended  and  tend  to  rupture.  This 
rupture  may  take  place  at  any  time  before  or  just  at  the  moment  of 
ejaculation.  Even  after  the  bladder  contents  have  been  wholly  drawn 
off,  the  distended  state  of  the  vessels  remaining,  it  is  probable  that 
hemorrhage  may  take  place  in  vacuo.  Here  much  the  same  condi- 
tions prevail  as  in  the  sudden  drawing-off  of  the  entire  contents  of  an 
overdistended  urinary  bladder  or  pleural  cavity  filled  with  fluid. 
Jamin  believes  that  the  theory  of  intravesicular  hemorrhage  in  vacuo 
is  tenable. 
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Spermatic  colic  is  another  source  of  lifemospermia,  according  to 
Legales.  The  small  calculi  which  pass  down  from  the  vesiculjc  semi- 
uales  tear  the  inner  coat  of  the  ejaculatory  ducts,  occasioning  ])ain 
and  hemorrhage.  In  this  case  the  semen  is  tinged  with  blood  in 
strife  as  it  passes  through  the  wounded  canal. 

Excessive  coitus  and  onanism  are,  as  already  intimated,  among 
the  chief  exciting  causes  of  hemorrhage. 

The  vascularization  of  the  seminal  vesicles  being  the  same  as  that 
of  the  prostate,  we  naturally  infer  that  influences  affecting  one  would 
likewise  affect  the  other  organ.  Now,  in  elderly  men  vascular 
changes  and  degenerations  are  i)ronounced  in  the  prostatic  region, 
and  comparatively  slight  causes  may  produce  congestions  and  hem- 
orrhages. It  is,  therefore,  more  than  likely  that  the  l)icycle  may  for 
this  class  of  subjects  become  an  etiological  element  of  decided  import. 
The  wheel  should  be  used  in  great  moderation  by  men  over  fifty -five 
years  of  age,  and  when  an^^  hemorrhage  from  the  genital  tract  occurs 
after  riding  in  those  of  about  this  age,  it  should  be  given  up  entirely. 
In  younger  men  it  seems  to  me  that  this  form  of  exercise  may  be  of 
decided  benefit  in  some  plethoric  and  non-inflammatory  conditions  of 
the  pelvic  organs,  and  it  may  have  a  prophylactic  action  in  certain  of 
the  disorders  which  we  have  considered. 

Besides  the  discoloration  of  the  semen  which  is  due  to  an  admix- 
ture with  blood,  there  are  other  rarer  chromatic  changes  which  must 
be  mentioned. 

Blue  semen  is  a  peculiar  phenomenon  whose  occurrence  has  been 
signalized  by  Ultzmann,  T3ut  concerning  the  nature  and  cause  of  Avhich 
little  has  been  learned.  The  blue  color  is  most  distinct  at  the  bor- 
der of  a  stain  upon  linen. 

Wine-colm^ed  semen  bears  a  striking  resemblance  to  haemospermia, 
but  the  color  has  been  attributed  to  the  presence  of  indigo.  The  mi- 
croscope suffices  for  differential  diagnosis  by  the  beautiful  scales 
which  it  discloses.  In  the  fresh  specimen  the  color  is  grayish-violet, 
becoming  deep  red  on  drying.  The  subjects  are  usually  of  a  nervous 
temperament. 

Green  semen  is  the  result  of  the  wine-colored  semen  just  mentioned 
becoming  mixed  with  pus,  and  this  fact  renders  it  the  most  important 
of  the  discolored  seminal  fluids,  so  far  as  their  bearing  upon  sterility 
is  concerned,  since  we  know  that  all  pus  in  semen  is  hostile  to  the 
functional  activity  of  its  vital  element.  This  statement  applies 
equally  to  all  semen  having  a  greenish  hue,  for  this  is  always  indica- 
tive of  the  presence  of  pus  mixed  with  semen  perhaps  in  other  re- 
spects quite  normal.  This  combination,  hoAvever,  more  frequently 
produces  a  fluid  having  a  yellowish  tinge.     This  color  verges  upon 
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the  green,  as  Terillon  has  f  omicl,  when  double  epididymitis  is*  pres- 
ent. 

The  peculiarities  in  the  distiibution  of  the  stain  upon  linen,  etc. , 
which  we  mentioned  as  fui^nishing  aid  in  our  decision  as  to  the  source 
of  the  blood  in  hsemospermia,  apply  equallv  in  stainings  from  pus- 
containing  semen.  Ultzmann  maintained  that  if  the  stains  were  un- 
evenly distributed  the  neck  of  the  bladder  was  the  probable  source, 
while  if  the  admixtui'e  had  occurred  in  the  seminal  vesicle  the  stain 
would  be  even  in  distribution.  Indigo  staining  is  not  incompatible 
with  an  abundance  of  healthy  spermatozoa.  In  some  cases  of  jaun- 
dice the  semen  takes  paii;  in  the  general  staining. 

Functional  Asjjermatism.- — In'  the  second  class,  or  aspermatism 
due  to  functional  disturbance  we  find  certain  psychical  causes  at 
work,  and  at  the  time  at  which  a  normal  ejaculation  should  take 
place  an  inhibitory  action  is  set  in  motion  which  wholly  restrains  the 
function.  In  such  a  state  of  nervous  disorder  the  j)atient  is  prone 
to  lose  confidence  in  himself  and  his  powers,  and  a  condition  of 
psychical  impotence  is  added  to  the  functional  sterility.  Xeuras- 
thenia,  debilitating  and  wasting  diseases,  and  faulty  innervation  are 
among  the  constitutional  causes  of  functional  aspermatism. 

When  the  semen  becomes  much  reduced  in  quantity,  the  condition 
is  termed  oligospermatism,  which  in  elderly  men  is  a  natural  result  of 
advancing  years.  The  sjjermatozoa  are  x^resent  in  exceedingly  small 
numbers,  and  not  infrequently,  especially  after  a  double-sided  epidi- 
dymitis, they  wholly  disappear  in  consequence  of  occlusion  of  the 
seminal  ducts,  in  which  case  the  term  oligozobspermatism  is  applied. 
The  two  conditions  are  fi'equently  associated,  the  decrease  both  in 
fluid  bulk  and  in  testicular  quota  of  spermatozoa  depending  upon  a 
common  cause.  Oligospermia  may,  however,  exist  alone  as  an  in- 
herent weakness,  debilitated  state,  or  inherited  lack  of  sexual  devel- 
opment of  congenital  origin.  If  in  a  fresh  specimen  the  elements  are 
seen  -v^ith  spirally  twisted,  hook-shaped,  or  curved  tails,  it  is  an  indi- 
cation that  they  were  lifeless  before  expulsion.  Sterility  may  be 
diagnostijcated  if  all  the  filaments  are  motionless,  and  when  but  few 
are  moving  in  a  feeble  manner  its  existence  is  highly  probable. 

Eunuchism. 

Among  the  causes  of  sterility  which  depend  upon  deficiency  in  the 
genital  tract  and  passages,  none  is  more  positive  and  more  permanent 
than  this.  Sterility  is  the  natural  condition  of  eunuchs,  whether  they 
have  been  deprived  of  the  testes  alone  and  thus  transformed  into  anor- 
chids,  or  have  had  the  penis  removed  as  well,  which,  according  to 
Lortet,"  is  the  usual  custom  in  Egypt,  the  procedure  consisting  in  cut- 
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ting  off  the  penis  and  scrotum  with  one  sweep  of  a  razor,  as  close  as 
possible  to  the  pubic  region.  In  one  method  the  penis  and  scrotal  con- 
tents are  encircled  with  a  tightly  drawn  thong  or  band  before  aniputu- 
tiou.  No  great  pains  would  seem  to  be  taken  to  check  heniorrhago  nor 
to  prevent  retraction.  According  to  Ebdon,  an  application  consist- 
ing of  peepul  tree  bark,  reduced  to  a  fine  pulpy  state  and  mixed  with 
oil,  is  made  over  the  region,  and  the  patient  is  retained  in  a  fixed  su- 
pine position  for  a  week  or  longer,  with  earthen  pots  attached  to  the 
feet  to  prevent  movement  of  the  limbs.  According  to  other  writers,  a 
mixture  of  cow  dung,  rice,  and  clay  is  applied  in  a  thick  mass,  to  ar- 
rest bleeding  and  induce  healing.  According  to  Lortet,  boys  castrat- 
ed in  Egypt  are  buried  nearly  up  to  the  neck  in  fine,  dry  sand,  which 
contributes  to  the  arrest  of  hemorrhage.  After  four  or  five  days  the 
subject  is  disinterred  and  several  laj'^ers  of  cloths  soaked  in  oil  are  ap- 
plied over  the  wound.  By  another  method  the  cords  and  root  of  the 
penis  are  torn  through  by  encircling  them  with  a  fine  but  very  strong 
ligature,  and  di'awing  forcibly  upon  the  extremities.  The  child's 
suffering  is  intense  in  this  mutilating  torture,  but  hemorrhage  is  less 
likely  to  occur.  After  operation  b}^  this  method  the  parts  are  simply 
dressed  in  the  barks  of  acacias  rich  in  tannin. 

As  to  the  results,  accurate  and  authentic  data  are  most  difficult  to 
obtain,  and  authors  differ  widely  in  their  statements  concerning  the 
mortality.  Lortet  believes  that  in  whatever  manner  the  operation  is 
performed,  two-thirds  of  the  children  succumb,  while  Bow  has  been 
informed  that  in  Hindoo  castration  a  fatal  case  rarely  if  ever  occurs. 
Hayman  ^'  considers  the  operation  itself,  especially  in  infancy,  not 
more  dangerous  than  an  ordinary  amputation.  Burckhardt  says  the 
operation  is  fatal  in  about  two  -per  cent.  onh'. 

The  tnith  would  seem  to  be,  judging  of  the  matter  from  the  stand- 
point of  modern  surgery  and  from  the  instances  which  fall  under  our 
observation  of  self-mutilations  in  the  insane,  that  most  cases  prop- 
erh'  treated  should  withstand  the  ordeal,  but  that  no  standard  can  be 
established  for  the  crude  and  barbarous  methods  practised  in  ma^y 
places.     Undoubtedly  the  mortality  is  often  very  great. 

The  practice  of  eunuch-making  has.  existed  from  time  out  of  mind 
in  Eastern  countries,  and  we  know  from  biblical  accounts  that  its  sub- 
jects have  been  at  times  persons  of  great  distinction  and  authority. 
A  faulty  impression  has  prevailed  that  the  operation  is  followed  bj^ 
stunted  growth,  loss  of  courage,  effeminacy,  and  invariably  by 
change  of  voice.  Such  would  appear  not  to  be  the  case,  to  judge 
from  the  accounts  of  those  who  have  lived  in  countries  where  the 
practice  largely  prevails.  Little  has  been  written  upon  the  subject, 
but  the  reports  of  travellers  and  resident  physicians  lead  to  the  belief 
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tliat  while  some  develop  a  rotundity  of  body  from  liyiDeraccumulation 
of  fat,  many  others  remain  lean  and  lank.  Those  castrated  at  the 
age  of  seven  to  ten  years  remain  much  as  other  boys  until  they  reach 
puberty,  when  they  begin  to  grow  very  raj)idly  and  in  many  in- 
stances become  noticeable  from  their  height.  The  lower  extremities 
would  seem  to  develop  more  than  the  upper,  in  much  the  same  way 
that  a  capon's  legs  enlarge  while  the  wings  remain  the  same  as 
those  of  the  unaltered  rooster.  The  change  of  voice  is  not  an  in- 
variable accompaniment,  and  it  would  seem  to  be  rather  the  excep- 
tion than  the  rale  to  find  a  pronounced  development  of  those  feminine 
traits  which  are  supposed  to  result  from  the  unsexing  process. 
Many  eunuchs  do  acquire  a  taste  for  womanly  dress  and  occupation, 
and  a  certain  proportion  develop  sexual  instincts  of  a  perverse  nature 
and  give  themselves  up  to  the  practice  of  paderastic  vices. 

It  is  interesting  in  this  connection  to  recall  the  fact  that  in  a  cer- 
tain proportion  of  the  instances  of  contrary  or  homosexual  instinct  in 
men,  we  find  a  lack  of  development  on  the  part  of  the  genitals,  and 
even  when  this  is  not  the  case  we  are  forced  to  assume  in  many  in- 
stances that  there  must  be  a  perverted  development  of  embryonic  ori- 
gin to  account  for  the  psychical  hermaphroditism  of  which  these  un- 
fortunates are  possessed. 

Dl^gnosis. 

The  diagnosis  of  sterility,  except  in  aspermatism,  is  a  matter  which 
the  microscope  alone  can  determine  with  positiveness.  The  entire 
absence  of  spermic  filaments  at  a  given  time  or  in  a  single  examina- 
tion must  not,  however,  be  accepted  as  evidence  of  a  permanent 
sterile  state.  Many  cases  fall  under  the  designation  of  temporary 
sterility  and  many  more  are  susceptible  of  cure. 

PEoaxosis. 

This  varies  with  the  etiological  factors  in  a  given  case,  the  age  of 
the  subject,  and  our  ability  to  remove  the  mechanical  or  cure  the 
pathological  conditions  upon  which  the  sterility  has  been  found  to 
depend.  In  most  instances  it  may  be  said  to  be  unfavorable.  As  a 
general  rule,  those  cases  which  depend  upon  syphilitic  indurations  of 
the  epididymides  and  testes  offer  a  much  more  favorable  prognosis  for 
restoration  of  function  than  those  which  have  resulted  from  blennor- 
rhagic  occlusion. 

When  spermatozoa  have  disappeared  as  the  res  alt  of  early  and 
persistent  onanism  or  by  reason  of  venereal  excesses,  the  outlook  for 
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ultimate  recovery  is  bright  if  the  subject  can  be  brought  under  suit- 
able control  and  proper  hygienic  influences  can  be  applied. 

Treatment, 

The  more  inaccessible  the  anatomical  structures  in  which  the  ob- 
struction is  located,  the  less  likely  are  we  to  succeed  with  any  plans 
of  local  treatment;  while,  on  the  other  hand,  the  relief  of  a  urethral 
stricture  may  bring  about  prompt  recovery  from  a  condition  of  asper- 
matism."  The  occlusion  may  be  located,  though  rarely  so,  to  be 
sure,  at  the  very  extremity  of  the  penis,  by  reason  of  a  tight  phimo- 
sis impeding  the  escape  of  the  impregnating  fluid.  Here  functional 
integrity  may  be  readily  restored  by  operation.  Occlusion  upon  both 
sides  from  double  epididymitis,  fibrous  indurations  left  in  the  tail  of 
the  epididymis  after  blennorrhagia,  and  syphilitic  deposits  in  the 
testes,  epididymis,  or  its  canal,  may,  and  the  latter  indeed  always  do, 
require  general  constitutional  measures  along  with  the  local  treat- 
ment. The  latter  consists  in  the  use  of  absorbent  lotions  or  ointments, 
baths,  electricity,  and  massage.  In  the  see-saw  blennorrhagic  epididy- 
mitis which  occludes  first  one  side  and  then  the  other,  there  is  usuallj-- 
an  incomplete  shutting-off  of  semen,  which,  however,  may  at  a  given 
moment  result  in  loss  of  fecundity.  Here  it  has  been  claimed  that 
faradization  applied  over  the  testes  may  so  stimulate  them  to  in- 
creased activity  that  the  force  of  the  seminal  flow  itself  will  be  suffi- 
cient to  overcome  the  obstruction.  It  would  seem,  however,  quite 
as  reasonable  to  suppose  that  the  electricity  may  have  its  chief  action 
in  effecting  resolution  in  the  obstructing  deposit.  If  total  occlusion 
has  existed  upon  both  sides  from  the  latter  cause  for  a  long  time, 
this  or  any  other  form  of  treatment  offers  little  chance  of  success. 

Prophylactic  treatment  consists  in  persistently  treating  cases  of 
double  epididymitis  in  a  most  vigorous  manner  and  keeping  up 
medication,  if  the  patient  can  be  prevailed  upon  to  submit  to  it,  until 
resolution  has  occurred. 

"\Mien  the  testes  are  ati'ophic,  unless  too  far  advanced,  much  may 
be  hoped  for  from  a  thorough  course  of  galvanism.  If,  however, 
complete  aspermia  has  existed  for  some  time,  no  hope  should  be 
held  out  to  the  patient  that  electi'icity,  or  anything  else  for  that  mat- 
ter, will  alter  his  unfortunate  condition. 

In  cryptorchismus,  likewise,  there  is  little  hope  that  the  resulting 
sterility  will  improve  from  any  of  our  efforts.  As  has  been  already 
stated,  the  testes  retained  within  the  abdominal  cavity  have  habitu- 
ally lost  their  fecundating  power,  and  no  power  at  our  command  can 
supply  it  to  them  again. 
Vol.  VII.— 42 
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Syphilis  of  tlie  testis  and  epididymis  frequently  results  iu  steril- 
ity, and  this  would  seem  at  times  a  fortunate  occurrence.  It  is, 
however,  a  form  most  amenable  to  treatment.  The  indication  is  to 
administer  one  or  a  combination  of  the  iodides  in  rapidly  increasing 
dose,  until  the  daily  quantity  consumed  reaches  or  exceeds  several 
drachms,  or  until  resolution  has  taken  place. 

When  sterility  is  occasioned  by  the  admixture  of  pus  with  the 
semen,  treatment  is  naturally  to  be  directed  to  the  source  of  suppu- 
ration, whether  this  be  located  in  the  prostatic  region,  within  the 
seminal  vesicle,  or  elsewhere.  Much  can  surely  be  accomplished  in 
the  chi'onic  form  of  seminal  vesiculitis  when  the  vesicle  is  distended, 
atonic,  and  pouring  out  in  an  intermittent  manner  spermatozoa- 
destroying  pus.  Here  repeated  emptying  of  the  reservoir  by  digital 
manipulation,  as  described  in  a  previous  section,  the  index  finger 
being  introduced  into  the  rectum,  results  after  a  time  in  benefit. 
The  manipulation  is  attended  with  no  inconsiderable  difiiculty,  es- 
pecially in  obese  subjects,  and  even  with  a  long  finger  practice  is 
necessary  to  enable  one  to  press  out  even  partially  the  bladder  con- 
tents. Massage  applied  in  the  same  way  by  the  finger  tip  to  a 
chi'onically  enlarged  prostate,  which  contains  within  its  substance 
numerous  foci  of  purulent  secretion,  is  a  measure  which  may  be  most 
advantageously  employed. 

In  hsematospermia,  Ultzmann  advises  the  instillation  of  from  six 
to  ten  minims  of  a  five-per-cent.  silver  solution  into  the  posterior 
urethra. 
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HISTORICAL   NOTE. 

OcuLAE  inspection  of  the  urine  as  a  means  of  diagnosticating  dis- 
ease was  practised  in  the  earliest  times  of  which  we  have  anj^  account. 
Hippocrates  recognized  variations  in  the  quantity,  color,  and  trans- 
lucency  of  the  urine,  and  many  differences  in  the  character  of  its 
sediment ;  he  further  observed  that  variations  in  food  and  drink  were 
capable  of  producing  changes  in  the  appearance  of  the  urine.  The 
school  of  Asclepiades  attached  much  importance  to  the  urine  as  a 
secretion,  but  failed  to  develop  anything  new  in  regard  to  it.  Galen 
did  no  more  than  to  systematize  the  writings  of  Hippocrates.  Avi- 
cenna,  in  the  eleventh  century,  observed  that  fasting,  fatigue,  and 
strong  emotions  produced  marked  effects  on  the  character  of  the  urine, 
and  that  the  administration  of  certain  medicines  produced  changes  in 
its  color.  Little  or  nothing  more  was  contributed  by  the  Ai'abian 
school.  In  the  twelfth  century,  however,  the  study  of  the  urine  be- 
came so  popular  that  many  of  the  Eastern  courts  had  their  official 
examiners  of  the  urine,  and  in  the  thirteenth  century  eTohannes  (Ac- 
tuarius)  compiled  a  work  of  seven  volumes  on  the  urine  in  which 
probably  everything  extant  of  knowledge  or  speculation  about  this 
secretion  was  given  in  the  fullest  detail.  Gilles  de  Corbeil  (^Egidius 
Corboliensis),  court  physician  to  Philip  11.  of  France,  wrote  a  Latin 
hexameter  poem  on  the  urine.  Following  this,  there  was  a  gradually 
growing  reversal  of  opinion,  and  inspection  of  the  urine  fell  more  and 
more  into  disrepute  until  it  became  the  subject  of  ridicule,  as  may  be 
seen  on  the  canvasses  of  the  genre  painters  of  Holland  in  the  early 
part  of  the  seventeenth  century,  and  in  the  plays  of  Moliere,  who 
never  lost  an  opportunity  to  ridicule  the  physicians  of  his  time. 
Nevertheless,  towards  the  close  of  the  century,  we  find  Yan  Helmont 
and  Boerhaave  giving  to  the  urine  that  careful  study  which  laid  the 
foundation  for  future  scientific  research. 

With  the  awakening  of  the  study  of  chemistry  in  the  eighteenth 
century,  we  find  the  first  investigations  of  the  urine  which  possess  sci- 
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entific  value.  Cruiksliank,  Vauquelin,  and  Fourcroy  were  among  tlie 
first  to  engage  in  this  branch  of  the  study.  Bellini,  of  Florence,  by 
evaporating  the  urine  and  redissolving  the  product,  demonstrated  that 
the  color  depends  largely  upon  the  degree  of  concentration.  The  an- 
atomist, Willis,  discovered  diabetic  sugar.  Brandt  discovered  phos- 
phorus in  1669,  but  it  remained  for  Margraf,  eighty -eight  years  later, 
to  recognize  the  fact  that  it  was  derived  from  the  phosphates.  Bouelle 
discovered  urea  in  human  urine,  calcium  carbonate  and  hippuric  acid 
in  that  of  the  herbivora.  Cruikshank  revealed  the  nitric-acid  com- 
pounds, calcium,  and  uric  acid.  To  Cotugno,  in  1770,  is  given  the 
credit  of  having  discovered  pus  in  the  urine,  although  Hippocrates 
speaks  of  both  pus  and  blood  in  the  urine  as  a  result  of  ulceration  of 
the  bladder  and  kidneys.  But  the  discovery  which  did  most  to  es- 
tablish a  fixed  practice  of  urinary  study  was  that  of  Bichard  Bright, 
who  demonstrated  the  relation  of  albuminuria  to  disease  of  the  kid- 
neys, his  publications  appearing  from  1827  to  1831.  Berzelius  was 
one  of  the  first  in  the  present  century  to  produce  a  reliable  work  on 
urinary  analysis,  but  valuable  contributions  soon  followed  from  Leh- 
mann,  Becquerel,  Liebig,  Heintz,  and  many  others.  During  the  suc- 
ceeding years  directions  for  the  separation  of  the  various  normal  and 
abnormal  ingredients  of  the  urine  and  the  methods  of  their  detection 
have  appeared  in  rapid  succession  until  the  literature  of  the  sub- 
ject has  grown  to  enormous  proportions ;  it  is  larger,  in  fact,  than  that 
of  any  other  branch  of  organic  chemistry.  The  names  of  many  of 
the  investigators  are  perpetuated  in  the  terms  applied  to  the  meth- 
ods of  examination  which  they  devised. 

The  value  of  frequent  examinations  of  the  urine  during  disease 
has  never  until  recently  been  fully  appreciated.  This  lack  of  recog- 
nition was  due  in  a  great  measure  to  the  uncertainty  formerly  per- 
taining to  many  of  the  methods  of  examination,  much  of  which  has 
of  late  been  overcome.  Many  substances,  the  confounding  of  which 
led  to  error  or  uncertainty  in  the  results  of  analysis,  can  now  be  iso- 
lated with  comparative  ease  and  certainty.  The  recent  development 
of  bacteriological  chemistry  has  opened  an  entirely  new  and  exceed- 
ingly valuable  field  in  urinary  analysis.  Not  a  little  advance  has 
been  made  of  late  also  in  the  application  of  the  results  of  urinary 
analysis  to  diagnosis,  prognosis,  and  treatment.  It  is  possible  in 
many  general  affections  to  determine,  from  an  estimate  of  the  waste 
and  toxic  substances  eliminated  from  day  to  day,  the  gravity  of  the 
disease,  and  consequently  the  choice  of  therapeutic  measures  best 
suited  to  the  exigencies  of  the  case. 
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NORMAL  URINE. 

The  Secretion  op  Ureste. 

The  purpose  of  the  urinary  secretion  is  the  elimination  from  the 
system  of  the  products  of  tissue  metabolism  and  other  effete  or  dele- 
terious matter,  and  not,  as  is  that  of  most  other  organs,  the  formation 
of  a  fluid  to  be  used  in  the  vital  processes  of  the  economy.  It  is  not 
strange,  therefore,  that  the  method  of  its  secretion  is  different  and 
somewhat  more  complex  than  that  of  the  other  fluids  of  the  body. 
Modern  investigations  have  failed  to  overthrow  the  theory  advanced 
by  Bowman,  in  1842,  regarding  the  secretion  of  the  urine.  They 
have  on  the  contrary  confirmed  and  amplified  it.  The  secreting  por- 
tion of  the  kidney  consists  of  two  parts,  so  different  in  structure  as  to 
render  improbable  an  identity  of  function.  There  is,  on  the  one 
hand,  the  glomerulus,  consisting  of  a  tuft  of  blood  capillaries  en- 
closed in  a  capsule  lined  with  flattened  epithelium  which  is  reflected 
over  the  glomerulus,  and,  on  the  other  hand,  tubules  lined  with  glan- 
dular epithelium,  similar  to  that  of  the  salivary  and  other  secreting 
glands.  The  office  of  the  glomerulus  is  the  secretion  of  the  greater 
part  of  the  water  of  the  urine,  and  with  it  "  such  highly  soluble  and 
diffusible  salts  as  preexist  in  adequate  quantity  in  the  blood"  (Fos- 
ter). The  process  involved  in  this  secretion  is  probably  to  a  great 
extent  one  of  filtration,  as  Bowman  supposed,  but  a  number  of  facts 
seems  to  indicate  that  the  film  of  epithelium  reflected  over  the  glomer- 
ulus exerts  some  control  or  power  of  selection  over  the  substances 
which  pass  out  of  the  vessels  with  the  water.  In  the  fli'st  place, 
urea,  which  is  one  of  the  most  diffusible  ingredients  found  in  the 
urine,  appears  to  be  secreted  entirely  by  the  epithelium  of  the  tu- 
bules, being  forbidden  passage  through  the  glomerulus.  In  the  next 
place,  serum  albumin  is  found  in  exceedingly  small  quantities,  if  at 
all,  in  normal  urine ;  but  if  egg  albumin,  having  about  the  same  dif- 
fusibility  as  serum  albumin,  be  injected  into  the  blood,  it  rapidly  ap- 
pears in  the  urine.  And  again,  if  the  integrity  of  the  glomerular  epi- 
thelium be  disturbed  experimentally  or  by  disease,  serum  albumin 
and  globulin  are  permitted  to  escape,  and  even  then  these  two  sub- 
stances do  not  always  appear  in  the  same  relative  proportions  as 
those  in  which  they  exist  in  the  blood.  It  is  also  apparent  that  this 
secretion  is  closely  under  the  control  of  the  vasomotor  system  of 
nerves,  and  yet  there  is  abundant  evidence  that  it  is  not  regulated 
entirely  by  differences  in  blood-pressure.  An  increase  of  blood- 
pressure  amounting  to  from  one-third  to  one-half  increases  the  flow 
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of  urine  from  four  to  more  than  twenty  fold,  providing  the  velocity 
of  the  blood  current  be  correspondingly  increased ;  but  interference 
with  the  escape  of  venous  blood  from  the  kidney,  although  increas- 
ing the  pressure,  diminishes  the  quantity  of  urine.  The  rapidity  of 
the  blood  current  is,  therefore,  no  less  important  than  the  mainte- 
nance of  a  high  blood-pressure. 

The  function  of  the  epithelium  lining  the  tubules  is  clearly  one  of 
secretion.  By  it  certain  elements  are  withdrawn  from  the  blood  and 
deposited  in  the  tubules.  It  is  the  avenue,  for  example,  of  the  elimi- 
nation of  urea.  This  is  best  demonstrated  by  experiments  on  am- 
phibia, animals  having  a  double  blood  supply  to  the  kidneys.  The 
interesting  experiments  of  Heidenhain  have  proved  also,  not  only 
that  certain  substances  are  removed  from  the  blood  by  this  epithe- 
lium, but  that  in  all  probability  the  epithelium  of  only  certain  parts 
of  the  tubules  performs  the  office  of  secretion,  a  supposition  which 
agrees  also  with  the  microscopic  appearance  of  the  cells.  Heiden- 
hain found,  for  instance,  that  when  sodium  sulphindigotate  in  moder- 
ately concentrated  solution  is  injected  into  the  blood  of  an  animal,  it 
is  rapidly  eliminated  by  the  kidney,  leaving  its  stain  only  in  the 
epithelium  of  the  tubules.  By  repeating  the  experiment  upon  an  ani- 
mal whose  flow  of  urine  has  been  arrested  by  a  division  of  the  spinal 
cord,  he  found  that  in  a  short  time  the  coloring  matter  had  passed 
through  the  epithelium  into  the  channel  of  the  tubule,  staining  almost 
exclusively  the  epithelium  of  the  first  and  second  convolutions,  the 
zigzag  tubules  and  the  ascending  limb  of  the  loops  of  Henle.  In 
the  instance  of  this  coloring  matter,  and  in  the  elimination  of  urea 
the  epithelial  cells  probably  do  nothing  more  than  pick  up  the  sub- 
stances and  convey  them  from  the  blood  to  the  cavity  of  the  tubule. 
In  the  secretion  of  many  other  substances,  however,  the  work  of  the 
epithelium  is  apparently  not  limited  to  this.  It  is  believed,  for  in- 
stance, that  hippuric  acid  and  some  of  the  coloring  matters  of  the 
urine,  which  do  not  normally  exist  in  the  blood,  are  formed  by  a 
metamorphosis  of  other  substances  in  this  tubular  epithelium. 
From  these  facts  and  others,  all  of  which  are  fully  discussed  in 
the  works  on  physiology,  it  is  believed  that  the  solids  contained 
in  the  urine  are  eliminated  chiefly  by  the  epithelium  of  the 
tubules. 

It  is  probably  a  fact  of  much  importance  that  the  delicate  struc- 
tures composing  the  kidney  are  surrounded  by  a  fibrous  capsule, 
delicate  in  structure  but  capable  of  exerting  much  resistance,  the 
parenchyma  being  also  separated  into  numerous  small  sections  by  a 
similar  tissue.  Reginald  Harrison,  reasoning  from  analogy,  believes 
that  the  power  of  resistance  exerted  by  this  fibrous  structure  against 
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sudden  expansive  force  exerted  from  within,  as  by  acute  renal  conges- 
tion, ig  an  important  element  in  maintaining  the  abnormal  state  which 
induces  albuminuria. 

Collection  of  the  Urine  for  Analysis. 

Correct  results  can  be  obtained  from  analysis  only  when  the  speci- 
men is  taken  from  a  mixture  of  all  the  urine  voided  in  twenty-four 
hours.  The  urine  should  be  collected  in  a  clean  vessel  with  a  closely 
fitting  cover,  preferably  a  large  bottle,  and  kept  in  a  cool  place. 
'\\'lien  it  is  not  practicable  to  obtain  mixed  urine,  the  sample  should 
be  taken  about  three  hours  after  a  meal,  since  at  this  time  such  in- 
gredients as  albumin  and  sugar  are  most  likely  to  be  present, 
and  they  may  be  entirely  absent  from  the  morning  urine,  even 
when  they  are  abundant  after  a  meal.  Too  much  importance  is 
not  to  be  attached  to  the  result  of  a  single  examination,  even  when 
negative. 

For  microscopical  examination  the  specimen  should  be  fresh,  as 
concentrated  as  possible,  and  the  examination  should  be  made  before 
alkaline  fermentation  has  set  in,  since  such  morphological  elements 
as  epithelium  and  casts  are  dissolved  by  alkalies.  The  addition  to 
the  specimen  of  a  little  formalin  or  alcohol,  a  few  grains  of  chloral 
hydrate,  salicylic  acid,  or  chloroform  water  assists  in  the  preserva- 
tion of  the  urine  for  microscopic  examination. 

If  urine  be  permitted  to  stand  in  a  room  of  ordinary  temperature 
it  so  rapidly  changes  in  appearance  and  reaction  that,  in  from  two  to 
three  days,  it  has  lost  its  translucency  and  its  acidity  has  given  place 
to  an  alkaline  reaction.  The  loss  of  translucency  is  due  at  first  to 
the  precipitation  of  uric  acid  and  urates ;  later  it  may  be  due  to  the 
development  of  bacteria ;  and  to  the  action  of  the  bacteria  is  due  the 
change  of  reaction,  since  they  break  up  the  urea  into  ammonia  and 
carbonic  acid. 

It  sometimes  happens  that  the  urine  becomes  more  highly  acid  on 
standing,  the  color  at  the  same  time  becoming  darker.  This  so- 
called  "acid  fermentation"  is  explained  by  Scherer  as  due  to  the  ac- 
tion of  mucin  as  a  ferment  which  results  in  the  formation  of  acetic  and 
lactic  acids. 

Physical  Properties. 

Color. 

Normal  urine  has  a  pale  yellow  or  an  amber  color,  but  it  may 
vary  temporarily  from  almost  the  colorless  translucency  of  water  to 
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a  reddish  brown ;  pronounced  deviations  from  an  amber  hue  are  not 
usually  permanent  in  health.  High  color,  as  a  rule,  denotes  concen- 
tration, the  presence  of  a  relatively  great  amount  of  solids  and  color- 
ing matter.  This  may  arise  from  an  increase  of  the  solid  ingredients 
or  from  a  diminution  of  the  water,  from  the  ingestion  of  a  full  meal, 
abstinence  from  fluids,  activity  of  the  cutaneous  secretion,  or  from 
muscular  exercise.  It  is  the  urine  of  warm  weather.  High-col- 
ored urine  is  usually  acid  in  reaction  and  of  high  specific  gravity. 
Pale  urine,  on  the  other  hand,  is  of  low  specific  gravity,  may 
be  neutral  or  alkaline  in  reaction,  and  contains  a  relatively 
small  amount  of  solids  and  coloring  matter.  It  often  results 
from  the  drinking  of  a  large  quantity  of  water  or  from  nervous 
excitation. 

The  color  of  the  urine  varies  in  disease  over  a  much  wider  range 
than  in  health.  It  may  be  either  diminished  or  increased,  the  change 
being  due  either  to  a  relative  diminution  or  increase  of  the  normal 
pigments  or  to  the  presence  of  some  abnormal  coloring  matter.  The 
color  is  diminished  in  the  polyuria  of  diabetes,  hysteria  and  other 
states  of  nervous  excitement,  in  renal  diseases  which  increase  the 
quantity  of  water  or  diminish  the  amount  of  solids  in  the  urine,  as 
sclerosis  and  amyloid  diseases  of  the  kidney  and  hydronephrosis,  and 
in  some  cases  of  cardiac  hypertrophy ;  and  it  may  result  from  the 
administration  of  certain  medicines,  notably  those  which  exert  a 
diuretic  action. 

The  coloring  matter  becomes  increased  for  the  most  part  as  a  re- 
sult of  concentration  of  the  urine,  or  owing  to  the  presence  of  such 
abnormal  coloring  matter  as  uroery  thrin.  A  depth  of  color  approach- 
ing red  occurs  in  febrile  affections,  in  diarrhoeal  diseases,  in  intestinal 
obstruction,  and  in  conditions  which  cause  hypersemia  of  the  kidneys, 
as  in  cirrhosis  of  the  liver  or  valvular  lesions  of  the  heart.  A  red 
color  is  due  most  frequently  to  the  presence  of  blood,  but  it  is  some- 
times produced  by  the  presence  of  an  abnormal  pigment.  Brownish 
tints  are  produced  by  methaemoglobin ;  in  multiple  melanotic  sarcoma 
the  urine  frequently  becomes  almost  black,  the  color  deepening  as 
the  urine  becomes  cold.  The  urine  assumes  a  pale  green  color  in 
diabetes,  when  the  quantity  of  sugar  is  great,  and  has  a  dull  green 
color  in  jaundice,  owing  to  the  presence  of  biliverdin.  It  frequently 
acquires  a  cloudy  blue  tint  in  cholera  and  typhus,  from  the  presence 
of  indigo.  Many  drugs  have  the  property  of  altering  the  color  of  the 
urine.  Santonin  always,  licorice  sometimes  causes  a  distinct  yellow 
color,  rhubarb  and  senna  cause  a  reddish-brown  tint,  indigo  a  blue  or 
greenish  color,  methylene  blue  a  distinct  blue  color;  carbolic  acid, 
naphthalin,  hydrochinon,  resorcin,  and  pyrocatechin,  in  large  doses. 
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a  black  color,  and  creosote  in  large  doses  sometimes  produces  a  smoky- 
hue,  even  a  greenish  brown  after  toxic  doses. 

The  following  table  of  colors,  de^ised  by  J.  Vogel,  is  believed  to 
represent  definite  quantities  of  coloring  matter  in  1,000  c.c.  of  urine. 
From  it  the  amount  of  coloring  matter  present  in  any  given  quantity 
of  urine  of  any  shade  may  be  calculated. 

Vogel 's  Table  op  Colors. 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

1 

2 

4 

8 

16 

32 

64 

128 

256 

Pale  yellow,        =  I. 

1 

2 

4 

8 

16 

32 

64 

128 

Light  yellow,      =  II. 

1 

2 

4 

8 

16 

32 

64 

Yellow,               =  III. 

1 

2 

4 

8 

16 

32 

Reddish  yellow,  =  IV. 

1 

2 

4 

8 

16 

Yellowish  red,     =  V. 

1 

2 

1 

4 
2 
1 

8 
4 
2 
1 

Red,                     :=  VI. 
Brownish  red,      =  VII. 
Reddish  brown,  =  VIII. 
Brownish  black  =  IX. 

The  amount  of  coloring  matter  in  1,000  c.c.  of  pale  yellow  urine 
is  taken  as  the  standard  of  comparison.  If,  therefore,  one  volume  of 
pale  yellow  urine  contains  one  part  of  coloring  matter,  an  equal  vol- 
ume of  light  yellow  urine  will  contain  two  parts  of  coloring  matter, 
an  equal  volume  of  yellow  urine  four  parts,  of  red  urine  thirty-two 
parts,  and  of  brownish  black  two  hundred  and  fifty-six  parts.  One 
volume  of  yellow  urine  contains  as  much  coloring  matter  as  four  vol- 
umes of  pale  yellow,  one  volume  of  red,  as  much  as  thirty-two  volumes 
of  pale  yellow  or  eight  volumes  of  yellow,  and  so  on. 

From  this  table  it  is  also  possible  to  construct  a  proportion  by 
which  to  estimate  the  quantity  of  coloring  matter  contained  in  the 
urine  voided  in  twenty -four  hours.  Thus  if  1,500  c.c.  of  yellow  urine 
are  voided,  the  proportion  is:  1,000  :  4  ::  1,500  :  x  =  6;  or,  if  1,200 
c.c.  of  red  urine  are  voided,  the  amount  of  coloring  matter  contained 
may  be  determined  by  the  proportion — 1,000  :  32  : :  1,200  :  x  =  86.4. 
The  first  propoi-tion  indicates  that  1,500  c.c.  of  yellow  urine  contain 
six  times  as  much  coloring  matter  as  1,000  c.c.  of  the  standard  pale 
yellow  urine;  the  second  that  the  1,200  c.c,  of  red  urine  contain  36.4 
times  as  much  as  the  standard  1,000  c.c.  of  pale  yellow  urine.  In 
applying  the  table  the  urine  should  be  filtered  and  examined  by 
transmitted  light  in  a  clear  glass  vessel  of  at  least  three  inches 
diameter. 

The  following  table,  slightly  modified  from  that  of  Halli- 
burton,   indicates  the  most  frequent  variations  of  color  with  their 
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causes  and  the  pathological  states  in  which  they  most  frequently 
occur : 


Color. 


Nearly  colorless 


Dark       yellow       to 
brown-red. 


Milky 


Orange 

Lake  or  smoky  to 
reddish  or  red. 

Brown  or  brownish 
black. 

Greenish  yellow, 
greenish  brown, 
approaching  black. 

Dirty  green  or  blue. 


Brown  yellow  to  red  - 
brown,  becoming 
blood  red  on  addi- 
tion of  an  alkali. 


Cause  of  coloration. 

Dilution  or  diminution  of  nor 
mal  pigment. 

Increase  of  normal,  or  occur 
rence  of  pathological  pig 
ments. 

Fat  globules 

Pus  corpuscles 

Bacteria 

Excreted  drugs 

Haemoglobin,  blood,  pigments 
in  food  (logwood,  madder, 
bilberry),  fuchsin. 

Hsematin,  metbaemoglobin,  mel- 
anin, bydrochinon,  pyrocat- 
echin,  carbolic  acid. 

Increase  of  urobilin,  bile  pig- 
ments, creosote  in  large  doses, 
inhalation  of  arseniuretted  hy- 
drogen. 

A  dark  blue  scum  on  surface 
with  blue  deposit,  due  to  an 
excess  of  indigo-forming  sub- 
stances. Ingestion  of  indigo 
or  methylene  blue. 

Substances  introduced  into  the 
system  with  senna,  rhubarb, 
and  chelidonium. 


Pathological  condition. 


Nervous  conditions,  hydru- 
ria,  diabetes  insipidus, 
granular  kidney. 

Acute  febrile  diseases,  diar- 
rhoea, late  hepatic  cirrhosis. 

Chlyuria. 

Suppuration,       tuberculosis, 

cancer,     etc.,     in    urinary 

tract. 
Santonin,  chrysophanic  acid. 
Hemorrhage  or  haemoglobin- 

uria,     scarlatina,    typhoid 

fever,  malaria,  etc.,  etc. 
Small    hemorrhages,   methse- 

moglobinuria,       melanotic 

tumors. 
Jaundice  and  conditions  due 

to  poisoning. 


Cholera,  typhus,  seen  espe- 
cially when  the  urine  is 
putrefying. 


Teanslucency. 

Normal  urine  is  nearly  or  quite  clear.  Upon  cooling,  however,  a 
delicate  cloud  of  mucin  usually  subsides  to  the  lower  part  of  the  fluid 
and  remains  unchanged  upon  the  application  of  heat  or  the  addition 
of  alkalies  or  mineral  acids ;  it  may  become  slightly  increased  by  the 
addition  of  acetic  acid  or  alcohol.  If  the  urine  be  allowed  to  stand 
in  a  warm  place  for  two  or  three  days  it  becomes  clouded  by  the 
growth  of  bacteria,  to  which  reference  has  been  made.  During  this 
time  also,  amorphous  urates,  some  uric-acid  crystals,  and  occasionally 
crystals  of  calcium  oxalate  are  deposited,  and  may  sometimes  be  seen 
as  minute  sparkling  bodies  in  the  mucin  cloud. 

Urine  that  is  clear  when  voided  may  become  turbid  on  the  appli- 
cation of  heat  nearly  or  quite  to  boiling,  from  the  presence  of  in- 
creased phosphates  or  albumin.  The  cloudiness  of  the  phosphates 
vanishes  upon  the  addition  of  an  acid,  while  that  of  albumin  becomes 
more  pronounced.     It  should  be  remembered  that  the  addition  of  a 
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few  drops  of  strong  acetic  acid  will  almost  invariably  cause  a  slight 
turbidity  in  normal  urine,  owing  probably  to  a  coagulation  of  nucleo- 
albumiu. 

Tlie  mine  may  be  turbid  when  voided,  from  the  presence  of  pre- 
cipitated urates,  carbonates,  phosphates,  excessive  mucus,  pus,  blood, 
chj'le,  or  bacteria.  These  substances,  with  the  exception  of  the  bac- 
teria, usually  settle  in  a  few  hours  to  the  bottom  of  the  vessel,  where 
they  form  a  more  or  less  bulky  precipitate. 

Tests. — If  the  turbidity  disappears  on  the  application  of  moderate 
heat,  it  is  due  to  the  presence  of  urates ;  but  if  heat  renders  it  more 
pronounced,  it  is  due  to  the  earthy  phosphates  or  such  albuminous 
matter  as  pus  or  blood. 

A  few  drops  of  acetic  acid  should  now  be  added.  If  the  turbidity 
disappears,  it  consisted  of  the  earthy  phosphates ;  if  it  is  rendered 
more  pronounced,  it  depends  upon  the  presence  of  albumin,  pus,  or 
blood.  If  little  or  no  change  is  produced  by  the  addition  of  the  acid, 
the  cloudiness  probably  depends  upon  the  presence  of  bacteria. 

Quantity. 

The  quantity  of  urine  voided  during  a  period  of  twenty-four  hours 
in  health  depends  to  a  considerable  extent  upon  age,  sex,  tempera- 
ment, habits,  diet,  and  drink.  The  average  quantity  lies  between 
1,200  and  1,500  c.c.  (40  to  50  ounces).  Most  authors  have  placed 
it  at  1,500  c.c,  but  Yvon  and  Berlioz,  from  observations  of  347  speci- 
mens from  men  and  314  from  women,  all  in  health,  place  the  average 
as  low  as  1,860  c.c.  (46  ounces)  for  men  and  1,100  c.c.  (37.2  ounces) 
for  women.  The  average  quantity  voided  by  children  has  been  thus 
stated  by  Maximilian  Herz:  At  the  age  of  eight  years,  700  c.c.  for 
boys,  600  c.c.  for  girls;  at  ten  years,  750  c.c.  for  boys  and  700  c.c. 
for  girls;  at  twelve  years,  1,000  c.c.  for  boys  and  800  c.c.  for  girls. 

The  secretion  of  the  urine  is  more  rapid  during  the  daytime  than 
at  night,  the  ratio  of  the  quantity  of  day  urine  to  that  of  night  being 
usually  from  2  :  1  to  4  : 1.  In  old  age,  however,  and  in  cachexia,  in 
cardiac  and  renal  affections,  and  in  diabetes  the  ratio  may  become 
changed,  the  night  quantity  equalling  that  of  the  day,  or  exceeding 
it  as  2  : 1. 

The  quantity  of  urine  is  increased  in  diabetes  mellitus,  diabetes 
insipidus,  in  sclerosis  and  amyloid  disease  of  the  kidney,  pyelitis, 
simple  cardiac  hypertrophy,  hysteria,  and  convulsions.  This  in- 
crease is  known  as  polyuria. 

The  urine  is  diminished  in  acute  nephi'itis,  in  all  conditions  caus- 
ing either  active  or  passive  hypersemia  of  the  kidneys,  in  all  diseases 
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accompanied  hj  fever,  and  in  such  cardiac  affections  as  reduce  the 
force  of  the  heart's  action.  Diminution  amounting  to  nearly  or  quite 
total  suppression  (anuria)  may  occur  in  acute  parenchymatous  ne- 
phritis, in  the  collapse  following  hemorrhages,  high  intestinal  ob- 
struction, such  internal  injuries  as  rupture  of  the  liver,  spleen, 
bladder,  or  intestine,  or  the  reflex  shock  following  catheterization  or 
operations  upon  or  through  the  urethra  (urinary  fever).  Anuria 
occurs  also  in  the  algid  state  of  cholera  and  yellow  fever,  in  cholera 
morbus,  cholera  infantum.  Some  medicines,  including  the  anaesthet- 
ics, chloroform  and  ether,  at  times  induce  suppression  of  urine  in 
persons  whose  kidneys  are  diseased. 

Odoe. 

The  odor  of  urine  is  peculiar,  slightly  aromatic,  and  quite  charac- 
teristic, although  varying  considerably  in  intensity  with  the  concen- 
tration. It  is  attributed  to  the  presence  of  minute  quantities  of 
phenylic,  taurylic,  damoluric,  and  damolic  acids. 

Urine  which  has  stood  for  several  days  in  a  warm  atmosphere  ac- 
quires an  ammoniacal  odor,  from  the  formation  of  ammonium  carbon- 
ate by  decomposition  of  urea,  and  later  becomes  putrescent,  especially 
if  it  contains  much  organic  matter.  This  ammoniacal  or  putrescent 
odor  may  be  present  when  the  urine  is  voided  in  catarrhal,  tuber- 
culous, or  cancerous  disease  of  the  bladder,  or  in  destructive  lesions 
of  the  kidneys.  The  urine  of  diabetes  often  has  the  odor  of  acetone ; 
urine  containing  cystin  has  at  first  the  odor  of  sweetbrier,  but  soon 
becomes  putrid.  Many  articles  of  food,  as  asparagus  and  garlic,  give 
a  characteristic  odor  to  the  urine.  The  same  is  true  of  some  medi- 
cines. The  ingestion  of  turpentine  or  the  inhalation  of  the  oil  of 
rosemary  produces  an  odor  of  violets;  cubebs,  copaiva,  the  oil  of 
sandal,  and  some  other  volatile  oils  communicate  their  characteristic 
odors. 

Consistence. 

Normal  urine  is  of  aqueous  consistence,  dropping  and  flowing  like 
water.  Highly  albuminous  and  diabetic  urine  may  be  reduced  in 
consistence,  readily  frothing  when  agitated.  The  presence  of  much 
mucus  or  pus  renders  the  urine,  if  alkaline,  so  thickened  as  to  pour 
with  difficulty  from  the  vessel,  not  separating  into  drops,  or  so  viscid 
as  to  cling  to  the  sides  of  the  vessel.  Chylous  urine  has  the  consis- 
tence of  milk  or  cream.  In  fibrinuria,  complete  coagulation  may 
occur. 
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Keaction. 


Normal  urine  may  be  said  to  be  always  acid  in  reaction  when  the 
test  is  applied  to  the  entire  volume  passed  in  twenty -four  hours.  The 
acidity  is  due  to  the  presence  of  acid  sodium  phosphate,  the  intensity 
of  the  reaction  varying  to  a  considerable  extent  with  the  diet  of  the 
individual  and  the  time  of  dsbj.  It  is  highest  during  sleep  and  be- 
fore meals,  or  during  the  first  hour  of  digestion.  A  relation  exists 
between  the  acidity  of  the  gastric  juice  and  that  of  the  urine  which, 
as  a  rule,  amounts  almost  to  a  parallelism.  The  greater  the  quan- 
tity of  acid  produced  in  the  stomach,  either  from  normal  secretion  or 
from  decomposition  of  food,  but,  especialh^  as  a  result  of  the  fermen- 
tation of  milk,  the  greater  is  the  excretion  of  acid  with  the  urine  dur- 
ing digestion.  This  relation  is  disturbed,  however,  when  polyuria 
follows  a  meal.  About  an  hour  after  a  meal  the  acidity  of  the  urine 
becomes  markedly  diminished,  and  may  continue  to  decrease  for 
three  or  four  hours  (the  alkaline  tide),  the  reaction  sometimes  be- 
coming alkaline.  A  diet  consisting  largely  of  meat  renders  the  urine 
more  acid;  other  influences  which  cause  increased  acidity  are  pro- 
longed muscular  exercise  and  the  ingestion  of  acids  or  saccharin. 
If  the  lactic  or  acetic  acid  fermentation  (acid  fermentation)  takes 
place,  it  renders  the  reaction  more  highly  acid  after  the  urine  has 
stood  for  a  few  hours.  Quite  recently  Strasser  has  announced  that 
hot  baths  increase  the  acidity  of  the  urine  while  cold  baths  diminish 
it. 

The  urine  may  have  an  alkaline  reaction  when  voided,  owing 
either  to  the  presence  of  fixed  alkali  (sodium  or  potassium)  or  of 
volatile  alkali  (ammonia) .  It  is  often  rendered  alkaline  by  an  exclu- 
sively vegetable  diet,  by  an  unnatural  loss  of  gastric  juice,  as  in  vom- 
iting, by  the  administration  of  alkalies  or  the  salts  of  vegetable  acids, 
sometimes  by  the  administration  of  these  acids. 

Alkalinity  of  the  urine  due  to  a  fixed  alkali  generally  signifies 
merely  a  highly  alkaline  state  of  the  blood,  that  due  to  a  volatile 
alkali  denotes,  as  a  rule,  an  inflammatory  disease  of  the  bladder. 
The  presence  of  a  fixed  alkali  is  indicated  by  the  permanent  blue 
color  given  to  red  litmus  paper,  whereas  a  volatile  alkali  gives  only 
an  evanescent  color,  the  red  color  returning  to  the  paper  as  it  becomes 
dry. 

An  amphoteric  reaction  is  sometimes  observed  in  which  blue  lit- 
mus paper  is  turned  red  and  red  litmus  blue.  Huppert  explains  the 
phenomenon  as  due  to  the  presence  of  acid  and  neutral  phosphates. 
In  one  case  observed  by  the  writer,  however,  a  volatile  alkali  was  evi- 
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dently  present,  for  the  pale  red  color  given  to  blue  litmus  became 
deeper  as  the  paper  dried  and  the  distinctly  blue  color  given  to  the 
red  litmus  paper  entirely  vanished  as  it  dried. 

The  litmus  pencil  is  a  new  and  convenient  means  of  carrying  the 
reaction  test. 

SPEcrpiG  Gravity. 

The  determination  of  the  specific  gravity  or  density  of  the  urine 
is  of  great  value,  since  it  indicates  the  relation  that  exists  between 
the  water  and  the  solid  constituents  and  enables  us  to  calculate  with 
considerable  accuracy  the  rate  of  tissue  waste  during  a  stated  period. 
The  specific  gravity  of  the  urine,  the  whole  volume  of  which  for 
twenty-four  hours  is  1,500  c.c.  (fifty  ounces),  is  in  health  ordinarily 
about  1.020,  but  often  varies  from  this  at  different  times  of  day. 
These  variations  depend  upon  the  quantity  and  the  character  of  the 
food,  the  rapidity  of  tissue  metamorphosis,  and  the  activity  of  the 
other  secretions,  particularly  that  of  the  skin.  The  density  of  the 
urine  is  increased  by  a  diet  consisting  largely  of  animal  food,  which 
increases  the  nitrogenous  waste,  by  muscular  activity,  and  by  copious 
diaphoresis.  The  specific  gravity  is  lowered,  on  the  other  hand,  by 
fasting,  rest,  the  imbibition  of  large  quantities  of  fluid,  by  external 
cold,  and  by  other  influences  which  render  the  secretion  more  copious. 

Pathologically  the  specific  gravity  varies  within  a  wide  range.  In 
acute  glomerular  nephritis,  chronic  passive  hypersemia,  and  in  most 
other  conditions  attended  by  a  reduction  of  the  volume  of  urine,  the 
specific  gravity  is  raised,  while  in  the  other  forms  of  nephritis,  par- 
ticularly in  renal  sclerosis,  the  density  is  lowered.  A  persistent  low 
specific  gravity,  in  the  presence  of  normal  or  diminished  quantity,  is 
highly  indicative  of  an  inability  on  the  part  of  the  kidneys  to  excrete 
the  requisite  amount  of  solid  matter,  and  may  constitute  a  prognosti- 
cation of  approaching  ursemic  disturbance.  High  specific  gra\dty, 
1.030  or  over,  in  the  presence  of  increased  quantity  is  highly  indica- 
tive of  the  mellituria  of  diabetes. 

Metlwds  of  Determining  the  S'pecific  Ch^avity. — The  specific  gravity 
of  urine  can  be  determined  with  sufficient  accuracy  for  all  practical 
purposes  by  the  use  of  tlie  urinometers  in  vogue ;  a  more  accurate 
result  may  be  obtained  from  the  picnometer,  or  by  actual  weighing. 
The  selection  of  an  accurate  urinometer  is  of  importance,  since  many  of 
those  oil  sale  err  by  several  degrees.  The  instrument  manufactured 
by  E.  B.  Squibbs  &,  Sons  is  probably  the  best,  owing  to  the  peculiar 
construction  of  the  bulb,  the  fluting  of  the  tube  to  prevent  the  instru- 
ment from  adhering  to  the  sides,  the  correction  to  house  tempera- 
ture (25°  C.  =  77°  r.)  instead  of  the  arbitrary  60°  F.,  and  the  certifying 
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of  existing  errors  on  the  case  of  each  instrument.  A  thermometer  is 
also  provided,  but  its  use  is  rarely  necessary,  jjrovided  the  urine  be 
permitted  to  cool  before  it  is  tested.  Enough  urine  must  be  poured 
into  the  tube  to  allow  the  instrument  to  float  freely  without  reaching 
the  bottom.  Any  froth  that  may  be  present  should  be  removed  from 
the  surface  by  a  pipette  or  a  piece  of  filter  paper.  The  instrument 
is  then  inserted  and  gentl}^  tapped  with  the  finger  tii)  to  insure  its 
finding  its  true  level,  care  being  taken  that  it  does  not  cling  to  the 
side  of  the  tube,  and  the  scale  is  read  from  the  under  side  of  the  sur- 


FiG.  44.— Apparatus  for  Testing  Specific  Gravity.    A  and  P,  Specific-Gravity  Beads  ;  C  and  Z), 
Urinometers  ;  E  and  F,  Picnometers  (Tyson). 


face,  the  tube  being  so  held  that  the  true  surface,  not  that  of  the 
capillary  elevation,  is  on  a  level  with  the  eye. 

In  estimating  the  siDecific  gravity  of  freshly  voided  urine,  the  ther- 
mometer should  be  used  and  one  degree  should  be  added  to  the 
reading  of  the  urinometer  scale  for  every  seven  degrees  of  tempera- 
ture above  that  to  which  the  instrument  has  been  standardized.  If, 
for  example,  the  temperature  of  the  urine  is  between  85°  F.  and  90° 
F.  and  the  standard  of  the  instrument  is  60°  F. ,  four  degrees  should 
be  added  to  the  apparent  specific  gravity. 

Other  devices  for  determining  the  specific  gravity  have  been  intro- 
duced. One  of  the  most  popular  of  these,  for  a  time  at  least,  was  the 
use  of  beads  representing  the  different  degrees.  The  bead  which 
represents  the  specific  gravity  of  the  specimen  neither  floats  nor 
sinks,  but  remains  wherever  placed.  An  ingenious  modification  of 
this  method  is  seen  in  Dr.  Oliver's  apparatus,  in  which  a  single  bead 
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representing  1.008  is  used.  If  it  floats,  water  is  carefully  added  until 
it  commences  to  sink,  wlien  tlie  level  of  tlie  fluid  represents  tlie  spe- 
cific gravity  on  a  scale  on  tlie  side  of  the  tube. 

When  it  becomes  necessary  to  determine  the  specific  gravity  of  a 
specimen  of  urine  which  is  too  small  in  quantity  to  float  the  urinom- 
eter,  the  urine  must  be  diluted  with  enough  water  to  make  an  exact 
multiple  of  the  original  quantity — two,  three,  or  four  volumes  of 
water  are  added.  Alter  determining  the  specific  gravity  of  this  mix- 
ture, it  is  only  necessary  to  multiply  the  last  two  figures  of  the  result 
by  the  number  of  volumes  of  fluid  used.  If,  for  example,  it  has  been 
necessary  to  add  four  times  as  much  water  as  urine,  and  the  specific 
gravity  of  the  mixture  is  1.004,  the  specific  gravity  of  the  urine  is 
1.020.  This  method  should  not  be  used,  however,  when  it  can  be 
avoided,  as  the  chances  for  eiTor  are  great. 

The  simplest  method  of  making  an  approximate  estimate  of  the 
solid  ingredients  of  the  urine  is  that  of  multiplying  the  last  two 
figures  of  the  specific  gravity  of  the  mixed  ui^ine  of  twenty -four  hours 
by  2.33,  a  coefficient  determined  by  Haeser.  This  gives  us  approxi- 
mately the  number  of  grams  of  solids  contained  in  each  1,000  c.c.  of 
the  urine,  from  which  the  total  amount  may  be  readily  determined. 

If,  for  example,  the  quantity  of  urine  voided  in  twenty -four  hours 
had  been  1,200  c.c,  and  the  specific  gravity  is  found  to  be  1.020,  the 
calculation  is:  20x2.33  =  46.60,  the  number  of  grams  in  each  1,000 
c.c.  The  total  quantity  of  solid  ingredients  is  obtained  by  the  equa- 
tion: 1,000  :  46.60  ::  f,200  :  x  =  55.92  gm.  (862.9  grains). 

Haines  has  proposed  a  modification  of  Haeser's  method  which 
renders  the  calculation  much  simpler  and  fairly  accurate.  It  consists 
in  multiplying  the  last  two  figures  of  the  specific  gravity  by  the  num- 
ber of  ounces  voided  in  twenty-four  hours  and  the  product  by  1.1. 
Thus  if  the  quantity  of  urine  has  been  40  ounces  in  twenty-four 
hours  and  the  specific  gravity  is  1.022,  the  calculation  is:  40  X  22  X 
1.1  =  968,  the  number  of  grains  of  solids.  Since  the  result  of  either 
of  these  calculations  is  only  approximately  correct,  their  value  is 
limited.  The  average  excretion  of  solids  by  a  healthy  individual 
of  66  kgm.  (145  pounds)  weight  is  61.14  gm.  (945  grains),  as  calcu- 
lated by  Purdy  from  the  estimates  of  various  authors.  Taking  this 
as  a  standard,  therefore,  we  are  able,  from  the  calculation  of  solids 
excreted  in  a  given  case,  to  judge  of  the  amount  of  tissue  metab- 
olism that  is  going  on,  and  this  may  have  an  important  bearing 
upon  the  prognosis  and  treatment  of  the  case.  If,  for  example,  the 
amount  of  solids  be  greatly  reduced  in  a  case  of  nephritis,  uraemia 
threatens.  The  progress  of  a  febrile  or  inflammatory  disease  may  be 
more  or  less  accurately  determined  from  the  rapidity  of  tissue  waste. 
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It  must  be  remembered,  however,  that  the  amount  of  solids  present 
in  the  urine  may  be  relatively  diminished,  through  faulty  elimina- 
tion, even  when  the  production  of  waste  is  greatly  increased,  as  re- 
vealed by  high  temperature. 

In  health  about  one-half  of  the  solid  ingredients  of  the  urine  is 
urea,  but  in  disease  the  proportion  varies  within  wide  limits ;  a  more 
accurate  method  of  estimating  the  quantity  of  urea  should,  therefore, 
be  adopted. 

Before  making  deductions  from  the  estimated  quantity  of  solids  in 
the  urine  allowance  must  be  made  for  certain  variations  which  ex- 
perience has  shown  to  result  from  differences  of  age,  diet,  habits  of 
exercise,  etc.,  of  the  individual.  Proportionate  increase  or  reduction 
must  be  made  from  the  result  to  correspond  with  variations  of  weight 
from  the  standard,  66  kgm.  (145  pounds) ;  ten  per  cent,  should  be  de- 
ducted for  each  ten  years  of  age  over  thirty  (ten  per  cent,  for  age 
from  forty  to  fifty ;  twenty  per  cent,  from  Mtj  to  sixty,  etc.).  A  sim- 
ilar increase  or  reduction  must  be  made  for  unusual  diet,  for  rest  or 
exercise,  deducting  five  per  cent,  for  quiet,  ten  per  cent,  for  absolute 
rest. 

Chemical  Properties. 

The  urine  is  complex  and  exceedingly  variable  in  composition. 
Since  it  serves  as  the  principal  medium  for  the  elimination  of  not 
only  the  waste  products  of  tissue  metabolism,  but  also  of  many  sub- 
stances which  pass  through  the  circulation  with  but  little  or  no 
change,  its  composition  varies  not  only  from  day  to  day,  but  within 
much  shorter  limits  of  time.  The  chief  causes  of  these  variations 
are  the  differences  in  the  character  and  quantity  of  food  taken,  the 
amount  of  mental  and  muscular  exercise,  and  to  some  extent  the  time 
of  day,  the  temperature  of  the  air,  the  age,  sex,  and  temperament  of 
the  individual. 

Briefly  stated,  the  urine  is  a  solution  of  certain  protein  deriva- 
tives, as  urea  and  allied  substances  (uric  acid,  creatinin,  etc.),  and  of 
certain  inorganic  salts,  particularly  the  chlorides  of  sodium  and  po- 
tassium, always  containing  other  organic  substances,  one  of  which 
gives  a  reaction  attributed  by  some  to  mucin,  by  others  to  nucleo- 
albumin.  Becquerel  found  in  1,000  grains  of  urine  967  grains  of  water 
and  33  grains  of  solids.  Of  the  solids,  24.865  grains  were  organic, 
8.135  inorganic.  Hoppe-Seyler's  classification  gives  as  the  constitu- 
ents of  normal  urine  the  following:  1.  Urea  and  related  substances — 
uric  acid,  allantoin,  oxaluric  acid,  xanthin,  guanin,  creatinin,  thio- 
(sulpho-) cyanic  acid.  2.  Fatty  and  other  non-nitrogenous  substances 
of  the  series  C„H._,^0., — oxalic,  lactic,  glycerophosphoric  acids,  very 
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small  amounts  of  carboliTdrates — sugar  (Briicke) .  3.  Aromatic  sub- 
stances— the  ethereal  sulphates  of  phenol,  cresol,  pyrocatechin,  in- 
doxyl,  skatoxyl,  hippuric  acid,  aromatic  oxyacids.  4,  Other  organic 
substances — pigments,  ferments  (especially  pepsin),  mucin,  and  hu- 
mous substances.  5.  Inorganic  salts — sodium  and  potassium  chlor- 
ides, potassium  sulphate,  sodium,  calcium,  and  magnesium  phos- 
phates, silicic  acid,  ammonium  compounds,  and  calcium  carbonate. 
6.  Gases — oxygen,  nitrogen,  and  carbonic  acid.  More  recent  ob- 
servations have  added  to  this  list  a  Isevorotatory  body  (Haas) ,  ani- 
mal gum  (Landwehr) ,  and  the  alkaloidal  toxins  (Bouchard) . 

The  following  table  gives  the  average  quantity  of  the  more  readily 
determined  constituents  of  the  urine  excreted  in  twenty-four  hours 
according  to  the  estimates  of  Parkes,  J.  Yogel,  and  Kerner.  The  es- 
timates were  made  according  to  different  methods  of  observation  and 
analysis.  Parkes  separates  the  acids  and  bases,  while  Yogel  and 
Kerner  calculate  only  the  salts.  Kerner's  observations  were  made 
upon  one  healthy  man,  twenty-three  years  of  age,  weighing  one  hun- 
dred and  fifty  pounds,  over  a  period  of  eight  days.  The  observations 
of  Parkes  and  of  Vogel  extended  over  a  larger  number  of  persons  and 
a  longer  time. 

Table  op  Urisaet  Constituents  Voided  in  Twentt-Four  Hours. 


Constituents. 


Quantity 

Specific  gravity 

Water 

Solids 

Urea 

Uric  acid 

Sodium  chloride 

Phosphoric  acid 

Siilphuric  acid 

Calcium  phosphate 

Magnesium  phosphate 

Total  earthy  phosphates.... 

Ammonia 

Free  acid 


1,099.00 
1.015 


33.00 
0.69 

15.00 
3.00 
2.26 
0.25 

o.er 

0.92 

0.74 

i.ri 


2,150.00 
1.027 


4.3.40 
1.37 

19.20 
4.07 
2.84 
0.51 
1.29 
1.80 
1.01 
2.20 


491.00 
021 


38.10 
0.94 

16.50 
3.42 
2.48 
0..38 
0.97 
1.35 
0.83 
1.93 


VOGEL. 


Parkes. 


So   . 

Constituents. 

>  =  s 

«  Ss> 

>.^=o 

M=3 

Water  .   . 

1,500.000 

Total  solids 

72.0:)0 

33.180 
0.555 
0.400 

Uric  acid 

Hippuric  acid 

0.910 
10.300 

Pigment  and  other 

substances. 

Sulphuric  acid 

2.012 

Phosphoric  acid  . . 

3.164 

Chlorine 

7.— 8.120 

Ammonia 

0.770 

Potassium 

2.500 

11.090 
0.260 
0.207 

Magnesium 

23.0000 
1.1000 
0.5000 
0.0084 
0.006O 
0.0140 
0.1510 

0.0305 
0.0486 
0.1260 


Ueea. 


Urea,  the  amide  of  carbon  (carbamide),  C0(NHJ2,  constitutes 
from  a  third  to  a  half  of  the  entire  solid  part  of  the  urinary  ingredi- 
ents, but  varies  in  quantity  from  time  to  time.  It  was  first  separated 
in  an  impure  state  by  BoueUe  in  1773,  and  by  Fourcroy  and  Vau- 
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quelin  in  1779.  It  was  first  prepared  synthetically  by  Wohler  in 
1828,  and  was  therefore  the  first  organic  body  thus  prepared.  It 
crystallizes  in  clear,  silky  quadrilateral  or  six-sided  prisms ;  or,  when 
the  crystallization  is  rapid,  as  fine  white  needles.  Its  melting  point 
is  130''  C.  (266°  F.);  it  is  freely  soluble  in  hot  water,  in  one  part  of 
cold  water,  or  in  five  parts  of  alcohol,  but  is  insoluble  in  ether;  the 
aqueous  solutions  give  a  neutral  reaction.  Urea,  in  crystals  or  solu- 
tion, is  fairly  permanent,  but  it  is  readilj'^  decomposed  on  boiling, 
especialh^  under  pressure,  by  taking  up  water  and  splitting  into  car- 
ammonia  and  bonic  acid  or  into  ammonium  carbonate,  thus : 
CO  (NIL.)  o  +  211,0  =  COo  +  2NH3  +  H,0  =  (NH4)2C03. 

The  same  change  occurs  as  a  result  of  the  action  of  bacteria  in 
the  so-called  alkaline  fermentation  of  the  urine.  Urea  has  the  pecu- 
liar property  of  uniting  with  acids,  bases,  and  salts. 

The  liver  is  the  chief  source  of  urea,  but  other  organs  probably 
share  in  its  production ;  Kaufmann  asserts  that  all  tissues  of  the  body 
produce  it.  The  exact  mode  of  its  production  is  not  known,  but  it  is 
believed  to  be  in  part  a  result  of  the  retrograde  metamorphosis  of  the 
tissues,  including  the  blood,  and  in  part  a  result  of  the  splitting  up 
of  nitrogenous  substances  taken  into  the  body  as  food,  all  the  nitro- 
gen thus  entering  the  body  being  discharged  as  urea,  except  perhaps 
a  small  quantity  which  is  eliminated  as  ammonia  by  the  lungs  and 
skin.  Some  claim  also  that  a  trace  of  free  ammonia  is  a  normal  in- 
gredient of  the  urine. 

The  average  quantity  of  urea  excreted  during  twenty-four  hours 
is  variously  estimated  as  from  20  to  40  gm.,  the  mean  quantity  by 
men  from  twenty  to  forty  years  of  age  being  about  33  gm.,  or,  accord- 
ing to  Roberts,  about  three  and  a  half  grains  for  each  pound  of  body 
weight.  The  average  for  women  is  less  than  that  for  men ;  still  less 
for  children,  but  higher  in  ratio  to  their  weight  than  in  adults.  The 
excretion  of  urea  varies  greatly  as  a  result  of  differences  of  diet ;  it 
may  be  raised  by  an  exclusively  nitrogenous  diet  to  as  high  as  100 
gm.  a  day,  and  greatly  lowered  by  an  exclusively  vegetable  diet.  Men- 
tal and  muscular  exercise  increase  it;  rest  diminishes  it,  owing  to  the 
consequent  alteration  of  the  tissue  metabolisms  which  produce  it. 
Atmospheric  changes  are  said  to  affect  the  elimination  of  urea  to 
almost  as  great  a  degree  as  they  alter  the  excretion  of  water,  as  they 
increase  or  retard  cutaneous  activity.  Organic  disease  of  the  liver 
diminishes  the  excretion  of  urea  by  diminishing  its  formation.  Acute 
febrile  or  inflammatory  affections,  by  increasing  tissue  waste,  increase 
the  elimination  of  urea,  while  chronic,  cachectic  states  as  a  rule  have 
a  contrary  effect,  particularly  after  a  stage  of  the  disease  is  reached 
which  markedly  interferes  with  alimentation. 
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Degenerative  changes  in  the  kidneys  are  the  most  important 
causes  of  deficient  elimination  of  urea;  such  failure  on  the  part  of  the 
kidneys  often  portends  serious  consequences  to  the  patient  in  the 
liability  to  early  development  of  uraemia.  The  alarming  and  danger- 
ous symptoms  known  by  this  term  are  regarded  by  many  recent 
writers  as  due  not  so  much  to  the  retention  in  the  blood  of  urea  as 
of  other  toxic  substances,  since  it  is  well  known  that  several  times 
the  normal  quantity  of  urea  may  be  present  in  the  blood  without  in- 
jury. The  deficient  elimination  of  urea  may  therefore  be  regarded 
as  of  more  importance  from  a  diagnostic  point  of  view  than  clinically, 
indicating  the  probable  retention  of  more  toxic  substances,  as  the 
bile  salts,  the  coloring  matters,  the  xanthins,  in  whose  excretion  urea 
is  supposed  to  assist. 

Urea  may  be  obtained  in  a  pure  state  by  the  following  method: 
Evaporate  about  200  c.c.  of  urine  to  a  syrupy  consistence  on  a  water- 
bath  ;  allow  it  to  cool,  place  the  vessel  containing  it  in  ice  water  and 
add  an  equal  volume  of  pure  nitric  acid,  slowly,  while  stirring.  Let 
this  stand  until  a  mass  of  brownish  crystals  is  formed,  then  pour  off 
the  fluid  and  wash  the  crystals  with  a  very  little  ice  water.  Dissolve 
the  mass  in  alcohol,  add  animal  charcoal  which  has  been  washed  with 
hydrochloric  acid,  filter,  evaporate  on  a  water-bath,  set  aside  to  crys- 
tallize, then  filter  through  muslin  and  press  between  heavy  filter  paper. 
A  mass  of  pure  urea  nitrate  crystals  is  thus  obtained.  To  this  mass 
add  an  excess  of  barium  carbonate  and  enough  alcohol  to  make  a 
paste;  dry,  extract  with  alcohol,  evaporate  the  filtrate,  and  set  it 
aside  to  cool.     The  resulting  crystals  are  nearly  or  quite  pure  urea. 

Tests  for  Urea. 

Qualitative  Tests. — 1.  The  simplest  method  of  detecting  urea  in 
solution  is  to  place  a  drop  of  the  fluid  with  a  drop  of  pure  nitric  acid 
on  a  glass  slip  and  gently  warm.  The  characteristic  rhombic  or  hex- 
agonal prisms,  or  plates  of  urea  nitrate  may  then  be  seen  with  a  low 
power  of  the  microscope.  The  acute  angles  of  these  crystals  measure 
82°.  If  a  strong  solution  of  oxalic  acid  be  used  instead  of  nitric  acid, 
rhombic  plates  of  urea  oxalate  will  be  formed. 

2.  If  to  a  few  drops  of  fluid  containing  urea  an  equal  quantity  of 
a  solution  of  sodium  hypobromite  be  added,  rapid  effervescence  is 
produced. 

3.  Add  to  the  fluids  three  parts  of  an  aqueous  solution  of  furfur 
aldehyde  (furfurol),  then  a  few  drops  of  strong  hydrochloric  acid. 
If  urea  be  present,  a  series  of  colors  is  produced,  yellow,  green,  vio- 
let, purple,  and  red,  the  precipitate  finally  settling  into  a  brown 
sticky  mass. 
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4.  21ie  Biuret  Reaction. — Warm  a  few  crystals  of  urea  in  a  test 
tube,  add  a  trace  of  potassium  or  sodium  hydroxid  and  a  drop  of  dilute 
cupric  sulx^bate  solution.     A  rose-red  or  violet  color  results. 

It  should  be  remembered  that  while  these  tests  are  sufficient  for 
the  detection  of  urea,  the  result  does  not  denote  the  presence  of  urine 
since  urea  may  be  present  in  manj^  other  fluids.  If,  however,  uric 
acid  be  also  present  the  evidence  may  be  considered  conclusive. 

QuANTiTATR^E  Tests. — A  great  many  methods  have  been  devised 
for  the  quantitative  determination  of  urea ;  they  are  for  the  most  part 
based  on  one  or  other  of  the  three  principal  methods:  1.  Liebig's, 
or  the  mercuric  nitrate  reaction;  2,  Knopf's,  or  the  hypobromite; 
and  3,  Fowler's  differential  density  method.  Of  these  the  last 
method  has  been  most  simplified  and  is  now  most  frequently  em- 
ployed. 

Liebig's  metJiod  is  based  upon  the  fact  that  when  mercuric  nitrate 
comes  into  contact  with  urea  in  solution,  a  white  precipitate  is  formed 
which  is  insoluble  in  water  and  weak  alkaline  solutions.  By  using 
a  standard  solution  of  mercuric  nitrate  and  an  indicator  by  which  to 
determine  the  point  at  which  all  the  urea  has  combined  with  the  mer- 
cury, it  is  easy  to  calculate  the  amount  of  urea  in  the  solution.  The 
standard  solution  of  mercuric  nitrate  is  prepared  as  follows : 

Standard  Mercuric  Nitrate  Solution. — Dissolve  77.2  gm.  (1158 
grains)  of  red  mercuric  oxide,  previously  dried  on  a  water-bath,  in 
dilute  nitric  acid,  evaporate  to  a  syrupy  consistence,  and  gradually 
add  sufficient  distilled  water  to  make  one  litre.  Nineteen  cubic  cen- 
timetres of  this  solution  will  precipitate  the  urea  in  10  c.c.  of  a  two- 
per-cent.  solution.  To  facilitate  the  calculation,  52.6  c.c.  of  distilled 
water  may  be  added  to  the  litre  of  mercuric  solution;  20  c.c.  of  the 
solution  being  required  to  precipitate  the  urea  in  10  c.c.  of  a  two-per- 
cent, solution,  1  c.c,  therefore,  representing  1  cgm.  of  urea. 

Since  the  presence  of  phosphates  and  sulphates  is  liable  to  cause 
error,  they  are  first  removed  by  the  following  solution : 

Baryta  Solution. — Add  one  volume  of  cold  saturated  solution  of 
barium  nitrate  to  two  volumes  of  cold  saturated  solution  of  barium 
hydrate. 

Indicator. — A  saturated  solution  of  sodium  bicarbonate  free  from 
carbonate. 

Method  of  Analysis. — To  40  c.c.  of  the  urine  add  20  c.c.  of  baryta 
solution  and  filter.  Place  15  c.c.  of  the  filtrate,  which  now  represent 
10  c.c.  of  urine,  in  a  beaker  and  add  to  it  gradually,  from  a  burette, 
mercuric  nitrate  solution,  constantly  agitating  the  mixture  until  a 
point  is  reached  at  which  a  drop  of  the  mixture  when  mixed  with  the 
indicator   (bicarbonate  of  sodium  solution)   produces  a  pale  yellow 
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color.  From  the  quantity  of  mercuric-nitrate  solution  whicli  was 
required  to  produce  this  reaction,  the  percentage  of  urea  is  then  cal- 
culated, each  cubic  centimetre  of  the  latter  solution  representing 
1  cgm.  (0.01)  of  urea. 

Corrections. — 1.  Since  this  method  does  not  take  into  considera- 
tion the  reaction  which  is  produced  by  the  chlorides  of  the  urine,  a 
correction  must  be  made  by  subtracting  from  the  result  1  gm.  (fifteen 
grains)  of  urea  for  every  1.3  gm.  (nineteen  grains)  of  sodium  chloride 
found  present  in  another  specimen  of  the  same  urine.  (See  Tests 
for  the  Chlorides.)  This  correction  may  be  approximated,  however, 
by  deducting  2  cgm.  of  urea  for  every  15  c.c.  of 
mercuric  nitrate  solution  used.  2.  The  results 
of  this  method  are  accurate  only  when  the  per- 
centage of  urea  is  about  normal — two  per  cent. 
A  correction  must  therefore  be  made  when  the 
quantity  is  above  or  below  two  per  cent.  When 
below  two  per  cent.,  deduct  0.1  c.c.  of  mercuric 
nitrate  for  every  4  c.c.  used,  before  calculating 
the  percentage  of  urea.  If  more  than  two  per 
cent,  of  urea  is  found,  a  second  titration  must  be 
made  after  first  diluting  the  urine  with  half  as 
much  distilled  water  as  would  equal  the  quantity 
of  mercuric  nitrate  solution  which  was  required, 
over  20  c.c,  to  complete  the  reduction.  3.  If 
ammonium  carbonate  be  present,  its  quantity 
must  be  determined  by  titration  with  normal  sul- 
phuric acid  and  the  result,  in  terms  of  urea, 
added  to  the  result  of  the  former  titration,  allow- 
ing 0.03  gm.  of  urea  for  each  0.017  gm.  of  am- 
monia. 

If  albumin  be  present  in  the  urine,  it  must 
first  be  removed.  This  is  best  accomplished  by 
acidulating  about  100  c.c.  of  the  urine  in  a  flask 
with  acetic  acid  and  boiling,  afterwards  restoring  the  quantity  lost 
by  evaporation  by  the  addition  of  distilled  water,  then  filtering. 

Leucin  and  tyrosin  also  impair  the  accuracy  of  this  test  by  com- 
bining vidth  the  mercuric  nitrate  solution;  but  they  are  present  in 
such  small  quantity  that  they  may  be  ignored,  except  in  conditions, 
as  in  acute  yellow  atrophy  of  the  liver,  in  which  they  are  known  to 
be  greatly  increased.  Under  such  circumstances  the  test  may  prove 
useless. 

Pfiuger's  Modification. — The  most  popular  of  the  several  modifica- 
tions of  Liebig's  test  is  that  of  Pfliiger.     This  consists  in  first  deter- 


FiG.  45.  —  Burettes  and 
Beakers  for  Volumetric 
Analysis  (Tyson). 
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mining  the  quantity  of  sodium-bicarbonate  solution  which  is  required 
to  neutralize  20  c.c.  of  the  mercuric-nitrate  solution  in  the  presence 
of  urea.  To  determine  this,  take  10  c.c.  of  a  freshly  i)rei:)ared  two- 
per-cent.  urea  solution  and  add  to  it,  without  interruption,  20  c.c. 
of  the  standard  mercuric-nitrate  solution  described  above.  To  this 
add,  from  a  biirette,  slowly  and  with  constant  agitation,  sufficient 
standard  sodium-carbonate  solution  (53  gm.  to  a  litre)  to  produce  a 
permanent  yellow  color. 

Before  proceeding  wdth  the  test,  lay  a  glass  plate  on  a  black  cloth 
and  upon  it  place  several  separate  drops  of  a  thick  mixture  of  sodium 
bicarbonate  and  water,  to  have  it  in  readiness  for  the  next  step  in  the 
process.  Twenty  cubic  centimetres  of  the  urine  are  now  taken  and 
titrated  Avith  the  mercuric  nitrate  solution,  and  tested  from  time  to  time 
by  placing  a  drop  of  the  mixture  on  the  glass  plate,  in  contact  with  a 
di'op  of  the  sodium-bicarbonate  mixture.  As  the  titration  approaches 
the  point  of  saturation,  a  drop  of  the  mixture  becomes  yellow  when 
in  contact  with  the  sodium  bicarbonate,  but  the  color  vanishes  when 
the  drops  are  mixed.  The  titration  is  then  continued  with  great 
care  until  the  yellow  color  becomes  permanent  w^hen  the  drops  are 
mixed. 

Now  neutralize  the  mixture,  as  quickly  as  possible,  bj"  the  addi- 
tion of  normal  sodium-carbonate  solution  in  nearly  the  quantity  that 
was  found  necessary  in  the  preliminary  test.  After  this,  add  suffi- 
cient mercuric-nitrate  solution  to  complete  the  reaction,  the  additions 
being  made  in  tenths  of  a  cubic  centimetre  with  agitation  after  each 
addition. 

If  too  much  time  be  consumed  in  making  this  test,  it  will  some- 
times be  found  that  the  mixture  assumes  a  permanent  yellow  color, 
while  it  is  still  distinctly  acid  in  reaction,  even  after  the  addition  of 
the  sodium-carbonate  solution  and  without  further  titration  with 
mercuric  solution.  This  is  probably  due  to  the  presence  of  carbonic 
acid  held  in  solution.  Under  such  circumstances  the  test  must  be 
repeated;  in  fact,  a  repetition  generally  gives  better  results  than 
those  obtained  from  the  first  test,  since  the  titration  can  be  more 
rapidly  done. 

CoiTection. — Pfliiger's  correction  is  made  by  subtracting  the  quan- 
tity of  mercuric-nitrate  solution  used  from  the  sum  of  the  urea  solu- 
tion, the  sodium-carbonate  solution,  and  whatever  other  fluids  were 
used,  multiplying  the  remainder  by  0.08  and  deducting  the  product 
from  the  result  of  the  analysis.  If,  however,  the  sum  of  the  other 
fluids  is  more  than  three  times  as  great  as  the  quantity  of  mercuric- 
nitrate  solution  used,  the  result  is  still  too  high. 

The  Hypohromite  Method. — This  test  depends   upon  a  reaction 
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wliich  takes  place  when  a  solution  of  urea  is  treated  with  a  solution  of 
sodium  hypobromite,  the  formula  of  which  is : 

CON2H4  +  SNaBrO  =  CO2  +  SH^O  +  3NaBr  +  2N. 

A  suitable  apparatus  is  required ;   the  Doremus  ureometer  is  gener- 
ally used  in  this  country  (Fig.  46) . 

Two  reagents  are  required  and  may  be  kept  separate  for  an  in- 
definite time.  1.  Sodium  hydroxid  100  gm.,  distilled  water  250 
c.c.  2.  Bromine.  Immediately  before  the  test  is  made, 
prepare  the  hypobromite  solution  by  mixing  1  c.c.  of 
bromine  with  10  c.c.  of  the  sodium-hydroxid  solution, 
and  adding  a  sufficient  quantity  of  water  to  fill  the  long 
arm  of  the  ureometer  (about  40  c.c.  are  required).  The 
fluids  may  be  mixed  in  the  ureometer. 

Method :  After  filling  the  bulb  with  the  hypobromite 
solution,  the  instrument  is  so  inclined  as  to  permit  the 
solution  to  fill  the  long  arm;  it  is  then  restored  to  the 
upright  position.  One  cubic  centimetre  of  the  urine  to  be 
tested  is  now  drawn  into  the  pipette  and  from  it  slowly 
discharged  into  the  bulb  so  as  to  mix  with  the  hypobro- 
mite solution  only  at  the  base  of  the  long  arm.  A  de- 
composition of  the  urea  is  at  once  set  up,  the 
liberated  nitrogen  collecting  in  the  upright  arm 
of  the  instrument.  Great  care  must  be  taken  not 
to  occasion  too  rapid  decomposition  and  conse- 
quent escape  of  the  nitrogen.  About  fifteen  min- 
utes are  required  for  the  full  decomposition  of 
the  urea,  after  which  the  result  may  be  read  from 
the  scale  on  the  instrument.  The  ureometer  may 
be  obtained  with  either  the  decimal  or  the  Eng- 
lish scale,  reading  the  fraction  of  a  gram  of  urea  to  the  cubic  centi- 
metre of  urine,  or  representing  the  number  of  grains  in  each  ounce. 
The  former  scale  is  to  be  preferred,  however,  on  account  of  the 
greater  facility  for  calculating  the  percentage,  0.02  gm.  being  equal 
to  the  normal  two  per  cent,  of  urea, 

Squibb' s  Modification. — Although  this  method  is  a  modification  of 
the  last,  it  may  properly  be  termed  the  hypochlorite  method  in  con- 
tradistinction to  it.  The  advantages  claimed  for  it  are  that  the 
apparatus  required  may  readily  be  prepared  by  the  physician  and 
that  the  Labarraque's  solution,  which  is  used  instead  of  the  sodium 
hypobromite,  may  be  more  easily  obtained  and  is  free  from  offensive 
odor.  A  special  apparatus  may,  however,  be  purchased.  The 
method  of  procedure  is  as  follows :  After  closing  the  screw  clip  on  the 


Fig.  46.  —The  Doremus 
Apparatus  for  the  Esti- 
mation of  Urea. 
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pendent  rubber  tube  seen  iu  the  illustration  (Fig.  47)  a  small  test 
tube  containing  5  c.c.  of  the  urine  to  be  tested  is  placed  in  the  smaller 
bottle  with  25  or  30  c.c.  of  the  test  solution — Li(iuor  soda)  chloratse, 
U.  S.  P. ;  the  stopj)er  is  tightly  replaced  and  the  screw  clip  is  opened. 
If  the  apparatus  be  properly  connected,  only  a  few  drops  of  water 
will  escape  from  the  rubber  tube.  A  graduated  glass  is  then  placed 
under  the  open  tube  and  the  urine  is  caused  to  mingle  with  the  de- 
composing solution  by  tipping  the  bottle.  Since  the  gas  which  is 
evolved  displaces  its  own  volume  of  water  from  the  larger  bottle, 
the  quantity  of  the  latter  which  is  found  iu  the  graduated  glass  after 


Fig.  47. — The  Squibb  Apparatus  for  the  Estimation  of  Urea. 


the  reaction  has  ceased  will  represent  the  volume  of  nitrogen.  The 
quantitj^  of  water  multiplied  by  0.00282  gives  the  quantity  of  urea 
present  in  the  5  c.c.  of  urine  tested. 

Fowler's  Differential-Density  Ilethod. — This  method  is  based  upon 
the  reduction  of  specific  gravity  which  occurs  in  a  specimen  of  urine 
when  its  urea  is  decomposed  by  the  hypochlorites.  Each  degree  of 
density  lost  represents  0.77  per  cent,  of  urea,  or  about  three  and  a 
half  grains  to  the  fluidounce.  The  solution  of  chlorinated  soda  is 
used  in  the  test,  seven  parts  of  it  decomposing  the  urea  in  one  part  of 
urine,  except  when  the  quantity  of  urea  is  very  large ;  then  the  urine 
should  be  diluted  with  an  equal  volume  of  distilled  water  and  the 
result  multiplied  by  two. 

About  one  ounce  of  urine  should  be  treated  with  seven  times  as 
much  of  the  Labarraqiie's  solution,  and  two  hours  should  be  allowed 
for  the  decomposition.  To  determine  the  specific  gravity  of  the 
mixture  before  the  decomposition  of  the  urea,  multiply  the  specific 
gravity  of  the  Labarraque's  solution  by  seven,  add  the  specific  gravity 
of  the  urine,  and  divide  the  sum  by  eight.  From  the  result,  subtract 
the  specific  gravity  of  the  mixture  after  decomposition.     From  this 
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result  the  percentage  of  urea  is  obtained  by  multiplying  by  0.77, 
The  temperature  of  the  three  fluids  must  be  the  same  when  their 
specific  gravity  is  tested,  in  order  to  insure  accuracy.  The  presence 
of  albumin  or  sugar  does  not  interfere  with  this  test. 

Ueic  Acid. 

Uric  acid  (C^H.N^Og)  is  a  weak  dibasic  acid  occurring  in  the 
urine  as  a  by-product  of  the  same  metabolism  as  produces  urea.  In 
this  respect,  it  belongs  to  the  class  of  products  known  as  leucomaines 
of  the  uric  acid,  or  xanthin  group.  Sir  William  Roberts  says :  "  The 
presence  of  uric  acid  in  human  urine  is  somewhat  anomalous,  as  it  is 
not  needed  as  a  vehicle  for  the  elimination  of  nitrogen.  Its  place  is 
taken  by  urea,  which,  by  its  easy  solubility,  is  better  adapted  to  the 
liquid  urine  of  animals.  Perhaps  uric  acid  is  a  vestigial  remnant  in 
mammalian  descent.  But,  although  physiologically  insignificant, 
uric  acid  is  pathologically  the  most  prominent  component  of  the 
urine,  chiefly  because  of  its  tendency  to  form  concretions." 

The  quantity  of  uric  acid  in  the  urine  is  small,  about  0.4  to  0.8  gm. 
in  the  urine  of  twenty-four  hours.  Uric  acid  requires  about  fifteen 
thousand  parts  of  cold  water  for  its  solution,  but  it  occurs  in  fresh 
urine  only  in  combination  with  potassium,  sodium,  or  ammonium  as 
acid  or  neutral  urates,  the  former  containing  one  atom  of  the  base,  the 
latter  two;  neutral  urates  are  freely  soluble,  acid  urates  only  spar- 
ingly so.  Bence  Jones  claims  that  uric  acid  occurs  normally  in  the 
animal  body  only  in  the  form  of  hyperacid  combinations  which  he 
terms  quadrurates ;  that  the  acid  urates  are  encountered  only  patho- 
logically as  gouty  concretions,  and  that  the  neutral  urates  are  known 
ODly  as  laboratory  products. 

Urates  remaining  in  solution  after  the  urine  has  become  cold  are 
generally  neutral  and  may  be  precipitated,  especially  if  in  excess,  by 
the  addition  of  nitric  or  other  strong  acid,  the  precipitate  appearing 
as  a  delicate  white  cloud.  In  this  reaction,  the  urates  may  be  mis- 
taken for  albumin.  Acid  urates  are  usually  deposited,  in  part  at 
least,  after  the  urine  becomes  cold,  and  are  found  on  microscopic  ex- 
amination as  yellowish-red,  rhombic,  rectangular,  wedge-shaped,  or 
whetstone-shaped  crystals.  Uric  acid  and  its  compounds  are  the 
only  urinary  sediments  normally  having  a  yellow  color.  Spontaneous 
precipitation  of  uric  acid  does  not  signify  that  it  is  in  excess,  unless 
occurring  within  from  four  to  six  hours  after  the  urine  is  voided, 
since  it  always  occurs  upon  long  standing.  Earlier  precipitation  may 
occur  when  uric  acid  is  in  excess,  when  the  urine  is  highly  acid,  or 
when  it  is  poor  in  mineral  salts  and  coloring  matter. 
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The  seat  of  uric-acid  formation  is  probably,  like  that  of  urea,  in 
the  tissues,  especially  in  the  liver  and  spleen.  This  view  receives 
support  by  the  facts  that  a  small  amount  of  uric  acid  is  found  nor- 
mally in  the  blood,  that  when,  as  in  gout,  its  elimination  is  dimin- 
ished, it  accumulates  in  the  blood  and  tissues ;  that  its  excretion  is 
most  abundant  at  the  j)eriod  of  digestion  when  the  liver  is  most  active, 
and  that  its  formation  continues  after  extirpation  of  the  kidneys. 
The  theory  that  it  is  formed  b}^  the  kidneys  seems  to  have  been  based 
for  the  most  part  upon  observations  on  birds  and  reptiles,  the  accu- 
racy of  which  has  been  called  in  question.  Minkowski  made  the 
important  observation  that,  in  geese  whose  livers  he  had  extirpated, 
the  urine,  during  the  few  hours  in  which  life  was  sustained,  con- 
tained only  two  or  three  per  cent,  of  uric  acid,  instead  of  the  normal 
sixty  to  sevent}^  per  cent. 

The  ratio  of  uric  acid  to  urea  in  health  is  more  or  less  constant; 
Parkes  estimates  it  as  1 :  45 ;  Eitter  places  it  at  1 :  36  on  animal  diet, 
1 :  27.5  on  a  mixed  diet,  and  1 :  22  on  vegetable  diet.  Its  production  is 
increased  by  nitrogenous  food,  by  rest,  sedentary  habits,  a  diet  which 
overtaxes  the  liver,  or  by  defective  action  of  this  organ.  Increase 
occurs  also  in  fevers,  inflammations,  diseases  which  diminish  respir- 
ation (oxygenation)  or  produce  leucocytosis ;  diseases  of  the  lungs 
or  heart,  ascites,  abdominal  tumors,  etc. ;  in  leucocythsemia,  in  hydru- 
ria,  urina  spastica,  and  in  the  so-called  uric-acid  diathesis.  The 
same  effect  may  be  produced  by  the  administration  of  certain  medi- 
cines. Bohland  has  recently  observed  {Centralblatt  fur  innere  Medi- 
cin.  No.  3,  1896)  that  the  administration  of  the  salicylates  increases 
both  the  production  and  elimination  of  uric  acid,  and  Weintraud  has 
shown  {Berliner  JcUmscJie  JVocJienscJiriff,  Bd.  32,  1895,  p.  405)  that 
the  ingestion  of  substances  rich  in  nuclein  produces  the  same  effect. 

Uric-acid  excretion  is  diminished  in  advanced  nephritis,  in  arthri- 
tis, and  in  gout,  and  symptoms  have  been  attributed  to  its  retention, 
notably  headache,  emaciation,  and  various  nervous  disturbances, 
many  of  which  are  probably  due  as  well  to  the  retention  of  other 
products  of  the  same  group. 

Uric  acid  may  be  obtained  by  rendering  a  specimen  of  urine 
strongly  acid  with  hydrochloric  acid,  allowing  it  to  crystallize,  then 
filtering  and  washing  the  crystals  with  cold  distilled  water.  It  may 
be  readily  recognized  under  the  microscope  by  the  peculiar  form  and 
color  of  its  crystals. 

Tests  for  Uric  Acid. 

QuALiTATrvE  Tests.  1.  The  JInrexide  Test. — To  a  small  quantity 
of  the  sediment  of  urine,  or  to  the  residue  after  evaporation,  add  a 
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few  drops  of  nitric  acid  in  a  porcelain  capsule,  evaporate  over  a  Bun- 
sen  flame  to  almost  dryness,  and  add  a  drop  or  two  of  ammonia.  If 
uric  acid  be  present,  a  beautiful  purple-red  color  will  appear  and 
diffuse  itself  with  tlie  ammonia. 

This  reaction  depends  upon  the  formation  of  alloxan  and  alloxan- 
thin  on  the  addition  of  nitric  acid  with  heat,  which  ammonia  changes 
into  murexide  (acid  purpurate  of  ammonia). 

2.  The  Silver  Test. — Moisten  a  piece  of  white  filter  paper  with  a 
drop  or  two  of  silver-nitrate  solution,  touch  the  spot  with  a  solution 
of  uric  acid  made  alkaline  with  sodium-carbonate  solution ;  a  black 
color  is  produced  if  0.001  per  cent,  of  uric  acid  is  present,  a  gray  or 
brownish-yellow  color  in  the  presence  of  0.0005  per  cent. 

3.  The  Cojyper  Test. — A  solution  of  uric  acid  or  of  a  urate  to 
which  a  solution  of  cupric  sulphate  and  potassium  hydroxid  has 
been  added  yields,  when  warmed,  a  reddish  precipitate  of  cuprous 
oxide.  This  reaction  is  often  observed  in  making  the  copper  tests 
for  sugar  and  may  lead  to  error. 

Quantitative  Tests. — We  have  no  thoroughly  reliable  method 
of  determining  uric  acid.  The  method  of  Haycraft,  until  recently 
almost  exclusively  used,  has  been  found  uncertain  and  variable  in  its 
results.  It  was  based  upon  the  reaction  which  takes  place  between 
uric  acid  and  silver  nitrate  in  solution,  forming  the  urate  of  silver. 
This  salt  was  then  dissolved  in  nitric  acid,  the  quantity  of  silver 
determined,  and  from  this  the  uric  acid  was  estimated. 

1.  Heintz's  Method. — One  of  the  simplest  methods  for  the  deter- 
mination of  uric  acid  is  that  of  Heintz,  as  follows :  Filter  200  c.c. 
of  urine,  add  to  it  10  c.c.  of  hydrochloric  acid,  and  let  stand  for 
twenty-four  hours  in  a  cool  place.  Collect  the  uric-acid  crystals 
now  formed  on  a  filter  previously  weighed,  wash  them  with  a  little 
cold  distilled  water,  dry  the  filter  and  crystals  in  a  desiccator  and 
weigh ;  subtract  from  this  the  weight  of  the  filter :  the  difference  will 
be  the  weight  of  the  uric  acid  in  200  c.c.  of  the  urine.  If  albumin  be 
present,  it  must  be  removed  before  applying  the  test.  This  test 
sometimes  fails,  however,  owing  to  the  fact  that  uric  acid  does  not 
always  crystallize  out  of  the  solution. 

2.  Hopkins'  Method. — This. is  probably  the  best  of  the  many  re- 
cently proposed  methods.  It  consists  in  converting  the  uric  acid  and 
urates  into  ammonium  urate,  separating  the  uric  acid  from  this,  and 
estimating  its  quantity  by  titration  with  a  normal  solution  of  potas- 
sium permanganate.  The  method  may  be  applied  with  slight  modi- 
fications to  pathological  as  well  as  normal  urine. 

(a)  In  normal  urine  without  deposit:  To  100  c.c.  of  urine  add 
ammonium  chloride   (about  35  gm.)  until  no  more  will  dissolve  and 
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a  few  crystals  remain  undissolved  after  repeated  stirring.  These 
crystals  will  nearly  or  quite  all  dissolve  after  the  temperature  has 
been  restored,  but  no  more  need  be  added. 

Let  the  solution  stand  for  two  hours,  occasionally  agitating  it, 
filter  through  thin  filter  paper,  and  wash  three  or  four  times  with  sat- 
urated ammonium-chloride  solution.  If  the  filtrate  does  not  remain 
perfectly  clear,  repeat  the  filtration. 

Now  wash  the  preciijitate  off  the  filter  with  a  stream  of  hot  dis- 
tilled water  into  a  beaker,  add  an  excess  of  hydrochloric  acid,  heat 
just  to  boiling,  and  set  aside  in  a  cool  place  for  two  hours  or  longer. 
Then,  if  the  fluid  has  become  cold,  filter  and  wash  with  cold  distilled 
water.  Before  washing,  however,  measure  accurately  the  filtrate,  as 
1  mgm.  must  be  added  to  the  final  result  for  each  15  c.c.  of  the  fil- 
trate.    This  need  not,  however,  exceed  20  to  30  c.c. 

Wash  the  uric  acid  from  the  filter  with  a  little  hot  water,  add  a 
little  sodium  carbonate,  and  heat  until  the  crystals  are  dissolved. 
Add  enough  water  to  make  100  c.c,  transfer  to  a  flask,  mix  with  it  20 
c.c.  of  pure  concentrated  sulphuric  acid,  and  immediately  titrate  with 
a  one-twentieth  normal  potassium-permanganate  solution,  constantly 
agitating  the  fluid.  As  soon  as  a  pink  color  begins  to  appear,  titrate 
slowly  until  the  color  becomes  permanent.  The  standard  {-^)  solu- 
tion contains  1.577  gm.  of  potassium  permanganate  in  a  litre  of 
distilled  water,  and  1  c.c.  represents  0.00375  gm.  of  uric  acid. 

(6)  In  urine  containing  cystin,  Purdy  recommends  the  addition 
of  a  few  drops  of  strong  ammonia. 

(c)  In  alkaline  urine  the  phosphates,  if  abundant,  should  be  pre- 
cipitated hy  heat  and  removed  by  filtration. 

{d)  In  albuminous  urine,  more  time  should  be  given  to  the  diges- 
tion with  hydrochloric  acid. 

(e)  In  deeply  pigmented  urine,  the  original  precipitate  of  urates 
should  be  thoroughly  digested  with  alcohol,  and  after  the  filtrate  has 
been  acidulated  it  should  be  graduallj'  heated  to  boiling  and  digested 
for  some  time  on  a  water-bath.  The  washing  of  the  crystals  should 
then  be  thorough. 

4.  The  following  is  a  modification  of  Arthaud  and  Butte's  test: 
Add  to  the  urine  an  excess  of  sodium  carbonate,  and  filter  to  remove 
phosphates;  then  take  a  definite  quantity  of  the  filtered  urine  and 
titrate  with  the  following  solution  until  a  precipitate  is  no  longer 
formed.  The  solution  is  composed  of  cupric  sulphate,  1.484  gm. ; 
sodium-potassium  tartrate,  40  gm. ;  sodium  hyposulphite,  20  gm. ; 
distilled  water,  enough  to  make  1,000  c.c.  One  cubic  centimetre  of 
the  solution  precipitates  0.001  gm.  of  uric  acid.  To  determine  the 
completion  of  the  titration,  the  following  indicator  should  be  used : 
Vol.  VII.— 44 
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Potassium  ferrocyanicle,  1  gm, ;  hydrochloric  acid,  5  gm. ;  distilled 
water,  50  c.c.  Several  drops  of  this  solution  are  scattered  over  a 
white  porcelain  plate.  When  titration  is  complete,  a  drop  of  the 
mixture  gives  a  chestnut-brown  color  to  a  dtop  of  the  indicator. 

Xanthin. 

Xanthin  (C=,H4N^02)  is  occasionally  found  in  small  quantity  in 
normal  urine,  not  exceeding  1  gm.  in  300  litres,  and  has  been  found 
as  an  ingredient  of  a  rare  form  of  calculus  in  a  young  subject.  It 
may  occur  in  urinary  sediment  as  brittle,  waxy,  yellowish-white 
scales,  soluble  in  alkalies,  feebly  soluble  in  water,  insoluble  in  alcohol 
and  ether.  Little  is  known  of  the  mode  of  its  production,  but  with 
the  other  members  of  this  group  it  is  regarded  as  a  leucomaine. 

Detection. — Xanthin  dissolved  in  dilute  hydrochloric  acid  sepa- 
rates into  hexagonal  crystals  on  evaporation.  If  a  few  drops  of 
urine  containing  xanthin  be  mixed  with  an  equal  quantity  of  nitric 
acid  and  evaporated  to  dryness,  it  yields  a  j^ellow  residue  which  is 
turned  red  by  potassium  hydroxid  and  reddish-purple  by  heat. 

Allantoin. 

Allantoin  (C^HgN^Og)  is  a  substance  closely  allied  to  uric  acid 
and  occurs  as  a  mere  trace  in  the  urine,  except  in  that  from  newborn 
infants.  It  is  increased  by  a  meat  diet  and  by  the  administration  of 
tannic  acid.  It  may  be  obtained  from  uric  acid  by  oxidation  with 
potassium  permanganate,  providing  rise  of  temperature  be  prevented 
during  the  reaction,  the  permanganate  taking  up  water  and  oxygen 
to  form  allantoin  and  carbonic  acid.  Allantoin  crystallizes  in  color- 
less prisms,  soluble  in  hot  water,  slightly  soluble  in  cold  water,  but 
insoluble  in  alcohol  or  ether. 

Detection. — Treat  a  small  quantity  of  urine  with  lead  acetate  and 
filter,  pass  sulphuretted  hj^drogen  through  the  filtrate,  filter  again, 
and  evaporate  the  filtrate  to  a  syrupy  consistence.  Allantoin  will 
crystallize  out  in  the  course  of  several  days. 

Creatin  and  Creatinin. 

Creatin  (C^HgNgOJ  and  creatinin  (C.H^NgO)  are  probably  phy- 
siologically identical,  but  both  exist  in  normal  urine;  creatin  is 
more  abundant  in  alkaline  urine,  creatinin  in  strongly  acid  urine. 
The  latter  is  therefore  considered  the  normal  constituent.  It  is  a 
strong  base,  yielding  an  alkaline  reaction  to  litmus.     It  crystallizes 
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in  large,  colorless  prisms,  soluble  in  water  and  alcohol,  sparingly 
soluble  in  ether.  Creatinin  is  believed  to  originate  in  the  muscles, 
which  contain  a  large  quantity  of  creatin,  or  it  may  be  derived  from 
meat  food.  It  is  probably  carried  from  its  source  Ijy  the  blood  and 
eliminated  M'ithout  change.  It  is  about  equal  in  (quantity  to  uric 
acid,  0.5  to  0.9  gm.  in  twenty-four  hours.  It  is  increased  by  nitro- 
genous food,  decreased  by  fasting;  increased  during  the  pyrexia  of 
acute  diseases,  as  pneumonia,  typhoid  and  intermittent  fevers,  some- 
times in  diabetes,  and  is  diminished  in  advanced  diseases  of  the  kid- 
neys, in  tetanus,  and  usually  in  diseases  characterized  by  wasting  of 
muscles. 

Tests. 

Detectio)i. — 1.  If  to  a  dilute  solution  of  creatinin  a  solution  of  sodi- 
um nitroprussiate  be  added,  and  this  followed  bj^ 
the  addition  of  sodium  hydroxid,  a  red  color  is 
produced  which  changes  to  yellow  upon  stand- 
ing. This,  Weyl's  test,  is  the  most  delicate  we 
have  for  the  detection  of  creatinin. 

2.  Acidulate  the  urine  with  nitric   acid  and   f^'^-  48.  -  creatinin  -  zinc 

TT      1  ,  ,    ,    T.        -    ,T  -.^  Chloride  Crystals. 

atld  phosphomolybdic  acid;  a  yellow  crystalline 
precipitate  is  formed  which  is  soluble  in  hot  nitric  acid. 

3.  Creatinin  enters  into  combination  with  zinc  chloride  to  form 
characteristic  groups,  or  rosettes,  of  fine  needle-like  crystals.  Neu- 
baaer  employed  this  reaction  for  quantitatis^e  determination  of  crea- 
tinin, his  method,  as  revised  by  Salkowski,  being  the  one  generally 
used. 

Thiocyanic  Acid. 

This  substance  is  found  in  the  urine  in  exceedingly  small  amounts, 
always  in  combination  as  thiocyanates.  It  is  derived  from  the 
saliva. 

Aromatic  Substances  in  the  Urine — Hippuric  Acid. 

Hippuric  acid  (CgH^NOj  occurs  in  only  small  quantities  in  human 
urine  (0.5  to  1.0  gm.  in  twenty-four  hours)  and,  having  no  clinical 
significance,  so  far  as  is  known,  is  of  interest  chiefly  as  an  illustra- 
tion of  synthesis  occurring  in  the  human  organism,  since  it  is  formed 
in  the  epithelium  of  the  renal  tubules.  It  is  found  most  abundant  in 
the  urine  of  the  herbivora,  less  so  in  that  of  the  omuivora,  and  is 
absent  from  the  urine  of  the  carnivora. 

Hippuric  acid  is  best  obtained  for  examination  from  the  urine  of 
a  herbivorous  animal,  the  horse  or  cow.  When  separated,  it  exists 
as  colorless,  odorless,  slightly  bitter,  rhombic  crystals  having  sharp, 
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bevelled  ends ;  it  is  soluble  in  six  hundred  parts  of  cold  water,  more 
soluble  in  hot  water,  readily  soluble  in  hot  alcohol  and  ether,  and  in 
ammonia  and  alcohol,  but  insoluble  in  acetic  acid.  It  is  increased  in 
human  urine  by  a  vegetable  diet,  but  does  not  entirely  disappear  under 
an  animal  diet.  Certain  fruits  have  a  marked  effect  in  causing  its  in- 
crease, as  cranberries,  greengages,  prunes,  etc.,  and  the  same  is  true 
of  the  administration  of  certain  drugs,  as  benzoic  acid,  oil  of  bitter 
almonds,  toluol,  cinnamic  acid,  and  -a  number  of  other  substances. 
Some  of  the  febrile  diseases,  diabetes  and  cholera,  are  attended  by 
an  increase  of  hippuric  acid  in  the  urine. 

Detection. — 1.  If  urine  containing  hippuric  acid  be  evaporated 
with  nitric  acid,  and  the  residue  heated  in  a  dry  test  tube,  an  odor 
resembling  that  of  bitter  almonds  is  produced,  owing  to  the  produc- 
tion of  nitrobenzol. 

2.  Add  a  little  milk  of  lime  to  the  urine,  boil  for  a  few  minutes 
and  filter,  to  remove  the  phosphates.  Then  exactly  neutralize  by  the 
careful  addition  of  hyrochloric  acid,  and  stirring,  concentrate  to  about 
one-eighth  the  original  volume,  and  add  an  excess  of  hydrochloric 
acid.  Impure  hippuric  acid  wiU  separate.  Dissolve  this  in  hot 
water,  treat  with  chlorine  gas  to  remove  the  color,  and  pure  hippuric 
acid  will  crystalize  out  on  cooling. 

3.  Evaporate  slightly  a  small  quantity  of  urine,  and  acidulate 
with  hydrochloric  acid ;  if  hippuric  acid  be  in  excess,  it  will  crystal- 
lize in  the  course  of  about  two  hours,  and  may  be  recognized  with  the 
microscope.  As  the  crystals  of  hippuric  acid  sometimes  assume 
forms  which  resemble  those  of  the  triple  phosphates  on  the  one  hand 
and  those  of  uric  acid  on  the  other,  owing  to  an  unusual  shape  of  the 
crystals,  their  identity  should  be  established  by  allowing  first  a  drop 
of  acetic  acid  to  flow  under  the  cover-glass  and,  if  solution  does  not 
occur,  as  would  be  the  case  with  the  triple  phosphates,  add  a  drop  of 
alcohol,  which  will  dissolve  hippuric  acid,  but  not  uric  acid. 

Ethekeal  Sulphates. 

The  ethereal  sulphates  belong  to  the  same  group  of  aromatic 
substances  as  hippuric  acid.  The  principal  members  of  the  class  are 
the  potassium-sulphate  compounds  of  phenol  and  indol,  namely, 
phenol-potassium  sulphate  and  indoxyl-potassium  sulphate.  Other 
members  of  the  group,  cresol-potassium  sulphate,  catechol-potas- 
sium  sulphate,  and  skatoxyl-potassium  sulphate  are  of  about  the  same 
significance  and  need  not  receive  separate  consideration. 

The  ethereal  sulphates  are  found  in  small  quantities  in  the  urine 
of  all  animals,  and  are  believed  to  be  derived  either  from  aromatic 
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substances  ingested  with  the  food,  or  from  the  action  of  the  bacteria 
of  putrefaction  in  the  intestines.  Hoppe-Seyler  found  them  increased 
as  a  result  of  the  putrefaction  of  food,  owing  to  defective  absorption 
in  the  intestine  during  peritonitis  and  intestinal  tuberculosis,  and  in 
other  diseases  causing  retention  and  putrefaction  of  food;  also  as  a 
result  of  putrefactive  changes  outside  of  the  intestine,  as  in  putrid 
abscesses,  cysts,  etc.  The  putrefaction  in  the  intestines,  as  Bou- 
chard has  shown,  results  in  the  formation  of  indol,  the  radicle  of 
which,  indoxyl,  unites  with  potassium  sulphate  to  form  the  compound 
under  consideration. 

The  phenol  derivative  appears  in  increased  quantity  in  the  urine 
as  a  result  of  the  internal  or  external  use  of  carbolic  acid;  the  indol 
derivative,  after  the  ingestion  of  indol,  and  in  Addison's  disease, 
cholera,  cancer,  typhoid  fever,  tuberculosis  of  the  intestine  and  some 
diseases  of  the  nervous  system. 

Detection. — Phenol-potassium  sulphate  (CgH.O.KSOj)  may  be 
recognized  by  acidulating  the  urine  with  sulphuric  acid,  then  distil- 
ling. Phenol  appears  in  the  distillate ;  add  bromine  water  and  deep 
yellow  tribromophenol  appears.  Add  Millon's  reagent  to  the  filtrate 
and  apply  heat;  a  cherry-red  color  is  produced.  Ferric  chloride 
added  to  the  distillate  produces  a  deep  violet  color. 

iNDOXYL-PoTASsiina:  Sulphate. 

This  substance  (CjHgNO.KSOg)  has  been  termed  urine  indican 
and  classed  by  some  authors  among  the  urinary  coloring  matters 
because  it  may  be  decomposed  with  the  production  of  indigo  blue. 
It  is  not,  however,  identical  with  vegetable  indican;  it  is  probably 
the  substance  described  by  Heller  under  the  name  of  uroxanthin. 
The  blue,  green,  or  red  color  of  pathological  urines  is  sometimes  due 
to  the  presence  of  this  substance  in  various  degrees  of  oxidation. 

For  the  detection  of  indoxyl-potassium  sulphate,  add  ten  to 
twenty  drojjs  of  the  urine  to  4c.c.  of  hydrochloric  acid,  with  stirring. 
If  the  quantity  be  normal,  only  a  light  yellow  color  is  produced ;  if 
in  excess,  a  violet  or  blue  color  appears.  Heller  attributes  this  color 
reaction  to  the  presence  of  two  other  pigments,  namely,  urrhodin 
and  uroglaucin.  If  tjie  yellow  color  does  not  appear  within  two  or 
three  minutes  in  this  test  there  is  no  excess  of  the  sulphate. 

JIacJIimns  Test. — Boil  together  equal  parts  of  the  uiine  and 
strong  hydrochloric  acid,  add  a  few  drops  of  nitric  acid,  let  cool  and 
shake  with  chloroform.  The  chloroform  is  colored  violet,  and,  on 
spectroscopic  examination,  shows  an  absorption  band  before  D,  due 
to  indigo  blue,  and  another  after  D,  due  to  indigo  red. 
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Albumin,  if  present,  must  be  removed  before  these  tests  are  ap- 
plied, since  lij^drochloric  acid  sometimes  produces  a  blue  color  by  its 
action  on  albumin. 

Urinary  Pigments. 

Comparatively  little  is  known  of  the  origin  or  significance  of  tlie 
normal  coloring  matters  of  the  urine,  either  physiologically  or  patho- 
logically.    Bouchard  considers  them  highly  poisonous. 

Urobilin. 

This  is  the  most  important  of  the  pigments.  It  is  a  dark  brown, 
amorphous,  somewhat  resinous  substance,  soluble  in  water,  more 
freely  soluble  in  alcohol  and  acids,  and  in  solutions  of  potassium, 
sodium,  or  ammonium  hydrate.  It  is  believed  to  originate  from  the 
bile  pigment  (bilirubin)  or  the  blood  pigment  (hsemoglobin) ,  or  from 
both.  It  is  found  in  very  small  quantity  in  normal  urine.  Its  quan- 
tity is  increased  in  acute  febrile  diseases,  especially  in  rheumatism, 
gout,  pneumonia,  and  in  those  which  cause  marked  destruction  of 
blood  cells,  such  as  typhoid  and  septic  fevers ;  also  in  chronic  consti- 
pation, epilepsy,  neurasthenia  from  sexual  excesses,  other  nervous  dis- 
orders, and  in  tuberculosis.  Hayem  regards  its  increase  as  a  sign  of 
hepatic  insufficiency,  since  it  occurs  in  cardiac  and  other  lesions,  pro- 
ducing passive  hypersemia  of  this  organ.  It  is  diminished  in  anaemia 
and  chlorosis,  and  during  convalescence  from  severe  forms  of  dis- 
ease, but  increased  in  intracranial  hemorrhages,  in  hemorrhagic  in- 
farctions, in  retro-uterine  hsematocele  and  in  extra-uterine  pregnancy. 
Lawson  states  that  the  excretion  of  urobilin  is  much  more  abundant 
in  tropical  regions  than  in  temperate  climates.  Mandry  regards  the 
persistent  presence  of  large  quantities  of  urobilin  for  more  than  two 
weeks  after  a  coeliotomy  an  indication  of  a  periuterine  effusion  of 
blood.  According  to  Piseuti  and  Gerhardi  the  percentage  of  indican 
is  lowered  in  disease  of  the  pancreas. 

Urobilin  is  probably  identical  with  the  hydrobilirubin  of  Maly, 
the  urohsematins  of  Harlej^  and  Scherer,  the  urophsein  of  Heller ;  and 
the  hsemaphsein  of  Gubler,  or,  as  Jolles  expresses  it,  "the  normal 
coloring  matter  of  the  urine  is  in  all  probability  identical  with  the 
highest  oxidation  product  of  bilirubin,  although  normal  urine  at 
times  contains  coloring  matters  that  differ  from  the  normal  only  in 
the  amount  of  oxygen  they  contain." 

Detection. — Eender  the  urine  alkaline  with  ammonia,  filter,  and 
add  calcium  or  2dnc  chloride  solution  to  the  brownish-red  or  garnet 
filtrate ;  a  beautiful  green  fluorescence  may  be  observed  by  reflected 
light.     The  spectrum  of  this  solution  shows  a  dark  absorption  band 
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between  b  and  F  of  Frauenhofer's  scale.  Jolles  asserts  that  only 
pathological  urobilin  yields  fluorescence  in  the  foregoing  test,  or  the 
absorption  baud  between  b  and  F. 

Urochrome. 

This  substance  was  first  described  by  Thudicum  as  the  yellow 
coloring  matter  of  the  urine.  It  is  closely  allied  to  urobilin,  if  in- 
deed it  is  not  merely  an  impure  form  of  it.  It  occurs  in  yellowish 
scales  which  are  soluble  in  ether  and  dilute  mineral  acids  and  alkalies, 
sparingly'  soluble  in  water,  and  less  so  in  alcohol.  The  aqueous  solu- 
tion changes,  on  standing,  to  a  red  color  and  finally  becomes  clouded 
by  a  flocculent  precipitate.  Nitrate  of  silver  precipitates  it  from 
solution  as  a  gelatinous  mass  soluble  in  nitric  acid.  The  simplest  of 
Thudicum 's  methods  of  obtaining  urochrome  was  by  precipitating 
fresh  urine  with  lead  acetate,  filtering  and  treating  the  filtrate  with 
sulphuric  acid.  A  body  resembling  xanthin  is  also  separated  along 
with  the  urochrome.  Mercuric  nitrate  produces  a  white  precipitate 
which  changes  to  a  flesh  color  on  boiling,  the  supernatant  fluid 
becoming  rose-red. 

Uroerythrin. 

This  is  regarded  by  some  authors  as  an  abnormal  pigment;  by 
some  it  is  regarded  as  identical  with  skatol  pigment,  but  MacMunn 
has  found  that  it  gives  characteristic  reactions  which  separate  it  from 
other  pigments.  It  is  the  chief  coloring  matter  of  the  urates,  and 
may  be  separated  from  them  by  boiKng  alcohol.  Its  spectnim  con- 
sists of  two  ill-defined  bands  before  F. 

Oxalic  Acm. 

Oxalic  acid  (C„H„OJ  is  found  in  the  urine  as  calcium  oxalate, 
which  is  held  in  solution  by  the  acid  sodium  phosphate ;  it  amounts 
to  from  0.01  to  0.02  gm.  in  twenty -four  hours,  is  occasionally  absent, 
and  when  in  excess  is  precipitated,  often  before  it  is  voided,  in 
quadi'atic,  octahedral,  "  envelope"  crj'stals,  occasionalh'  in  dumbbell 
forms.  Owing  to  the  strong  affinity  of  oxalic  acid  for  lime  it  prob- 
abh'  never  occurs  in  a  free  state  in  the  urine.  It  is  increased  by 
the  ingestion  of  certain  fruits  and  vegetables,  as  apples,  grapes, 
tomatoes,  rhubarb,  cabbage,  spinach,  asparagus,  turnips,  etc.  It  is 
frequently  very  abundant  in  the  urine  of  persons  of  indolent  habits, 
whose  chief  aim  is  the  gratification  of  appetite,  especially  when 
indigestion  supervenes ;  it  opcurs  also  in  the  so-called  nen'ous  dys- 
pepsia. Its  occurrence  is  often  accompanied  by  pains  in  the  back 
and   loins,  intestinal  hemorrhage,  vesical  irritability,  incontinence 
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of  urine,  and  sometimes  by  lisematuria  due  to  the  direct  injury  of 
the  urinary  passages  by  the  oxalate  crystals.  By  some  observers 
these  symptoms  are  referred  to  the  presence  of  an  excess  of  oxalic 
acid  in  the  blood,  the  origin  of  which  is  doubtless  due  to  a  de- 
rangement of  the  alimentary  canal.  (For  a  more  complete  descrip- 
tion of  Oxaluria  and  the  method  of  quantitative  estimation,  see  Vol. 
L,  p.  634.) 

Lactic  Acid. 

This  substance  (CgllgOj)  is  of  doubtful  occurrence  in  normal 
urine.  It  has  been  observed  for  the  most  part  as  sarcolactic  acid, 
after  physiological  disturbances  and  great  muscular  activity.  It  is 
found  also  in  the  urine  of  diabetes,  cirrhosis,  and  acute  yellow  atrophy 
of  the  liver,  in  leucocythsemia,  osteomalacia,  rickets,  phosphorus  poi- 
soning, and  trichinosis. 

Succinic  Acid. 

Succinic  acid  (C^HgO  J  belongs  to  the  same  series  as  oxalic  acid 
and  has  been  sometimes  met  with  in  the  urine,  especially  after  the 
ingestion  of  asparagus. 

Fatty  Acids. 

Acetic,  butyric,  formic,  and  propionic  acids  are  found  free  in  the 
urine,  varying  in  quantity,  according  to  v.  Jaksch,  from  mere  traces 
to  0.008  gm.  in  twenty-four  hours,  the  amount  depending  largely 
upon  the  character  of  the  food.  In  certain  hepatic  diseases — abscess, 
cirrhosis,  cancer,  syphilis — and  in  fevers,  they  are  sometimes  very 
greatly  increased,  reaching  from  0.006  to  a  0.1  gm.  in  twenty-four 
hours.     Free  indulgence  in  alcohol  causes  an  increase. 

Glycerophos^horic  Acid. 

This  occurs  in  traces  in  the  urine  and  is  said  to  be  increased  after 
chloroform  narcosis  and  in  certain  nervous  disorders. 

Mucin. 

Mucin  is  the  chief  constituent  of  the  mucus  secreted  by  the  folli- 
cles of  the  urinary  passages.  A  difference  of  opinion  exists  as  to  its 
presence  in  normal  urine.  While  some  observers  claim  that  it  is  a 
normal  ingredient  of  the  urine,  others  hold  that  this  opinion  is  based 
upon  faulty  analysis,  which  reveals  nucleoalbumin  and  not  mucin; 
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they  are  probably  identical.  When  found  in  considerable  quantity 
in  urine  which  is  otherwise  normal,  the  increase  probably  arises  from 
the  passage  of  the  urine  over  inflamed  mucous  surfaces.  It  is  pre- 
cipitated by  alcohol,  strong  vegetable  acids,  and  dilute  mineral  acids, 
but  it  is  not  precipitated  by  heat  or  dissolved  by  an  excess  of  acetic 
acid.     (For  the  methods  of  its  detection,  see  p.  723.) 

NUCLEOALBUMIN. 

Probably  the  most  valuable  and  most  accurate  investigations  with 
reference  to  this  body  have  been  made  by  Dr.  D.  D.  Stewart,  of 
Philadelphia  {Jledical  Neics,  May  5th,  and  July  14th,  1894).  Nucleo- 
albumin  has  generally  been  confounded  with  serum  albumin,  mucin, 
peptone,  and  the  proteoses,  some  observers  considering  it  identical 
with  one  of  these,  others  with  another.  Stewart  has,  however,  de- 
veloped several  points  of  difference  and  methods  for  its  differentia- 
tion from  each  of  these  bodies  except  mucin.  He  regards  it  as 
identical  with  the  nucleoalbumin  derived  from  the  bile.  It  may  owe 
its  origin  to  the  cells  of  the  urinary  passages,  but  in  all  probability- 
it  sometimes  arises  from  the  blood  serum  of  the  renal  vessels. 
Whether  or  not  it  ever  constitutes  a  pathological  ingredient  of  the 
urine  has  not  been  determined. 

The  method  of  its  recognition  and  differentiation  may  be  briefly 
stated  thus :  It  is  not  precipitated  or  removed  by  prolonged  boiling 
and  filtration,  but  yields  a  distinct  cloud  when  the  urine  is  treated 
by  the  contact  method  with  citric  acid,  glacial  acetic  acid,  glacial 
phosphoric,  trichloracetic,  picric,  or  nitiic  acid,  and  reacts  to  nearly 
all  the  tests  for  serum  albumin  except  heat  and  the  biuret  test.  It  is 
also  an  important  fact  that  heating  the  urine  diminishes  the  reaction 
in  the  acid  tests,  instead  of  increasing  it.  Its  failure  to  respond  to 
the  heat  test  and  the  biuret  reaction  ser\'es  to  differentiate  it  from 
serum  albumin,  globulin,  peptone,  and  the  albumoses.  From  pep- 
tone it  is  further  distinguishable  by  the  fact  that  saturation  of  hot 
urine  with  ammonium  sulphate  removes  all  trace  of  nucleoalbumin. 

ANnvTAT.  Gum. 

This  substance,  when  found  in  the  urine,  is  believed  to  be  a  prod- 
uct of  mucin.  It  is  identical  with  that  of  saliva,  connective  tissue, 
the  synovia,  chondrin  and  colloid  cysts,  and  resembles  vegetable  gum 
in  that  it  forms  levulic  acid  when  treated  with  hydrochloric  acid. 
It  forms  an  opalescent  solution  in  water  and  a  sticky  precipitate  with 
cupric  sulphate  or  ferric  chloride. 
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Sugar. 

1.  Glucose. — Many  recent  investigations  seem  to  confirm  the  origi- 
nal statement  of  Briicke  that  normal  urine  contains  a  trace  of  glucose. 
The  quantity  is,  however,  so  small  as  not  to  invalidate  the  usual  tests 
for  abnormal  sugar.  The  copper  tests  show  little  if  any  change,  and 
do  not  give  the  characteristic  yellow  color. 

2.  Milk  Sugar  is  found  in  variable  quantity'  in  the  urine  of  nurs- 
ing women  and  sometimes  apparently  as  a  result  of  pathological 
conditions  of  the  mammarj'  gland  (see  p.  733). 

3.  Inosite,  or  muscle  sugar,  occurs  in  the  brain,  lungs,  liver, 
spleen,  and  kidneys,  and  has  been  found  in  small  quantities  in  nor- 
mal urine.  It  is  chiefly  of  interest,  however,  in  that  it  occurs  in  ne- 
phritis and  diabetes  (see  p.  732) . 

Ferments. 

Pepsin  has  been  found  in  normal  urine,  particularly  in  that 
voided  in  the  morning.  By  its  action  on  fibrin,  peptone  and  all 
intermediate  products  (proteoses)  may  be  formed  (p.  716).  Pepsin 
is  detected  by  soaking  small  pieces  of  fibrin  in  its  solution  until  the 
pepsin  is  absorbed,  then  removing  them  to  a  0.1-per-cent.  solution  of 
hydrochloric  acid  at  blood  heat,  when  they  are  quickly  digested. 
Traces  of  a  milk-curdling  ferment,  like  rennet,  and  a  diastatic  fer- 
ment, probably  trypsin  have  been  isolated  from  the  urine. 

Inorganic  Constituents. 

The  principal  inorganic  constituents  of  norma,  urine  are  the 
chlorides,  carbonates,  phosphates,  and  sulphates  of  the  bases  ammo- 
nium, potassium,  calcium,  and  magnesium,  the  total  amount  reaching 
from  9  to  25  gm.  daily.  Traces  of  fluorin,  silicic  acid,  and  iron  are 
also  found,  and  free  carbonic  acid,  nitrogen,  and  traces  of  oxygen. 
The  source  of  these  ingredients  is  in  part  the  food  and  in  part  the 
metabolic  processes  and  tissue-changes  of  the  organism. 

Chlorides. 

The  chlorides,  next  to  urea,  are  the  most  abundant  of  the  solid 
ingredients  of  the  urine,  amounting  in  twenty-four  hours  to  from 
about  6  to  10  gm. ;  sodium  chloride  is  most  abundant,  potassium 
and  ammonium  chlorides  occur  in  only  small  quantities. 

The  chlorides  are  increased  in  health  by  the  ingestion  of  much 
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salt  with  the  food  and  by  muscular  exercise.  They  are  diminished 
in  diabetes  insipidus  and  in  acute  febrile  diseases,  particularly  those 
attended  with  serous  exudations,  and  may  continue  diminished,  even 
absent  (as  in  pneumonia),  until  the  crisis  has  been  reached,  then 
become  more  abundant,  great  increase  marking  the  establishment  of 
diuresis,  when  the  exuded  serum  begins  to  be  picked  up. 

Tests  for  the  Chlorides. 

Detection. — Add  to  the  urine  in  a  large  test  tube  a  little  nitric 
acid  to  hold  the  phosphates  in  solution,  then  a  drop  of  silver  nitrate 
solution;  a  heavy  precipitate  of  chlorides  falls  which  is  soluble  in 
ammonia,  but  insoluble  in  nitric  acid. 

If  a  standard  silver  solution  (as  1  :  8 — a  drachm  to  the  ounce)  be 
used  in  this  test,  an  approximate  estimate  of  the  chlorides  may  be 
made.  If,  when  a  droi^  or  two  of  the  silver  solution  is  added,  a  flaky, 
white  precipitate  is  formed  and  quickly  falls  to  the  bottom  of  the 
tube,  the  chlorides  are  not  less  than  normal  in  quantity ;  if  only  a 
diffused  cloudiness  occurs,  they  are  diminished;  while,  if  no  precipi- 
tation occurs,  they  are  absent. 

Quantitative  Determination. — 1.  Furdy's  centrifugal  method  is 
the  simplest  means  of  determining  the  quantity  of  the  chlorides. 
Ten  cubic  centimetres  of  urine  are  placed  in  the  graduated  percent- 
age tube,  after  the  addition  of  a  little  nitric  acid,  and  the  tube  is  filled 
to  the  15  c.c.  mark  with  the  standard  silver-nitrate  solution.  The 
tubes  are  then  placed  in  the  centrifuge  and  revolved  at  the  rate  of 
about  one  thousand  revolutions  a  minute  for  three  minutes,  or 
until  the  precipitate  has  been  tightly  packed  into  the  bottom  of  the 
tube.  The  percentage  may  then  be  calculated  from  the  height  of  the 
precipitate  on  the  scale.  If  the  hand  centrifuge  be  used,  a  smaller 
quantity  of  urine  must  be  used,  owing  to  the  smaller  size  of  the  tubes. 

2.  Mohrs  Metliod. — The  following  solutions  are  used:  (1)  A 
standard  silver-nitrate  solution,  made  by  dissolving  29.075  gm.  of 
pure  nitrate  of  silver  in  1,000  c.c.  of  distilled  water,  each  cubic  centi- 
metre of  which  will  precipitate  10  mgm.  (0.010)  of  sodium  chloride; 
and  (2)  a  saturated  aqueous  solution  of  neutral  potassium  chromate. 

Dilute  10  c.c.  of  urine  with  100  c.c.  of  distilled  water,  and  add  a 
few  drops  of  the  potassium-chromate  solution.  Then  drop  into  this 
from  a  burette  the  silver  solution.  A  white  precipitate  of  silver 
chloride  is  formed  until  all  the  chlorides  have  been  precipitated,  then 
a  red  precipitate  begins  to  form,  consisting  of  silver  chromate.  As 
soon,  therefore,  as  the  pink  color  appears,  after  agitating  the  mix- 
ture, the  quantity  of  the  silver  solution  that  has  been  used  is  read 
and  a  calculation  is  made  of  the  quantity  of  chlorides  in  the  10  c.c. 
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of  urine,  from  wliicli  the  percentage  is  readily  determined.  One 
cubic  centimetre  should  be  deducted,  however,  from  the  quantity  of 
silver  solution  used,  to  offset  the  other  substances  found  in  the  urine 
which  unite  with  the  silver  more  readily  than  does  the  potassium 
chromate. 

3.  Sutton  s  3Iodification  of  Mohr's  Method. — Add  1  gm.  of  pure  am- 
monium nitrate  to  10  c.c.  of  urine  in  a  thin  porcelain  capsule  and 
evaporate  to  dryness,  then  gradually  heat  over  a  flame  to  low  redness 
until  all  vapor  ceases  to  rise  and  the  residue  becomes  white.  Dis- 
solve this  residue  in  a  small  quantitj^  of  distilled  water  and  neutralize 
the  carbonates  present  by  the  addition  of  dilute  acetic  acid,  then  add 
a  few  grains  of  pure  calcium  carbonate  to  neutralize  any  free  acid  and 
a  drop  or  two  of  potassium  chromate  solution.  Titrate  the  mixture 
with  a  decinormal  silver-nitrate  solution  made  by  dissolving  16.955 
gm.  of  silver  nitrate  in  1,000  c.c.  of  distilled  water  until  a  pink  tinge 
appears.  Each  cubic  centimetre  of  this  solution  represents  0.005837 
gm.  of  sodium  chloride. 

Phosphates. 

Phosphoric  acid  (H3PO  J  is  excreted  in  normal  urine  in  the  quan- 
tity of  from  1.5  to  2.5  gm.  in  twenty -four  hours;  about  one-third  of 
this  is  combined  with  the  alkaline  earths,  calcium  and  magnesium 
(earthy  phosphates),  and  two-thirds  with  the  alkalies,  sodium  and 
potassium  (alkaline  phosphates). 

The  earthy  phosjohates  are  insoluble  in  water,  but  are  dissolved  by 
acids.  They  are  the  phosphates  of  calcium  and  magnesium,  the 
former  being  the  more  abundant,  the  ratio  of  calcium  to  magnesium 
being  about  as  67  to  33.  They  are  held  in  solution  in  acid  urine,  but 
are  precipitated  in  alkaline  urine,  the  precipitation  becoming  more 
rapid  on  the  application  of  heat.  This  precipitation  may  be  distin- 
guished from  that  of  albumin,  which  it  resembles,  by  the  addition  of 
a  little  acid  to  the  urine,  causing  the  phosphates  to  redissolve. 

The  acid  phosphate  of  magnesium  forms  a  combination  with  am- 
monium in  the  alkaline  fermentation  of  the  urine  which  is  known  as 
the  triple  phosphate,  or  ammonium-magnesium  phosphate  (MgNH,.- 
6H2O) ;  these  may  be  recognized  on  microscopic  examination  of  the 
sediment  by  their  characteristic  feathery,  snowflake,  stellate,  or  fern- 
leaf  appearance,  assuming,  when  mature,  a  quadrangular,  "coffin- 
lid"  form. 

The  alkaline  phosphates  exist  in  the  blood,  according  to  Kalfe,  as 
neutral  phosphates  (hydrogen-disodium  phosphate — HNa^POJ,  but 
appear  in  the  urine  as  acid  phosphates  of  sodium  and  potassium 
(dihydrogen-sodium  phosphate — H^NaPOJ,  the  sodium  phosphate 


CHEMICAL  PROPERTIES.  701 

being  the  more  abundant.  To  these  salts  is  due  the  acid  reaction  of 
normal  urine.  They  are  soluble  in  water  and  in  alkaline  fluids,  and 
are  about  twice  as  abundant  in  the  urine  as  are  the  earthy  phosphates. 
Their  quantity  depends,  however,  largely  upon  the  character  of  the 
food,  being  increased  by  a  niti-ogenous  diet. 

The  phosphates  are  excreted  in  diminished  quantity  in  most  forms 
of  renal  disease,  especially  iu  functional  disorders  and  acute  diseases ; 
also  in  chi'onic  articular  rheumatism,  gout,  the  intervals  of  intermit- 
tent fever,  and  during  pregnancy. 

The  phosphates  are  increased  in  extensive  destructive  lesions 
of  bone,  as  rickets,  osteomalacia;  in  phthisis,  acute  yellow  ati'ophy 
and  cirrhosis  of  the  liver,  leukaemia,  severe  ansemia,  and  in  diseases 
afl'ecting  the  nerve  centres;  they  maj'  be  increased  by  disturbances 
of  digestion  ("flatulent  dj^spepsia").  That  an  increase  follows  men- 
tal activity  has  been  asserted,  but  has  not  been  demonstrated.  The 
l)otassium  phosx)hate  is  the  more  abundant  iu  fevers.  The  triple 
phosphates  are  found  usually  when  the  urine  undergoes  ammoniacal 
decomposition  in  the  bladder  as  a  result  of  cystitis  or  other  disease 
of  the  urinary  passages. 

Pliospliatic  diabetes  is  the  name  given  to  a  condition  first  described 
by  Teissier  in  which  continued  increased  excretion  of  the  phosphates, 
amounting  at  times  to  from  7  to  9  gm.  in  twenty-four  hours,  is  at- 
tended by  symptoms  resembling  those  of  diabetes,  progressive  ema- 
ciation, abnormal  appetite,  dry  skin,  a  tendency  to  furunculosis,  and 
pains  in  the  loins  and  pelvic  region. 

A  spontaneous  deposit  of  the  phosphates  does  not  of  necessity 
denote  an  excessive  excretion.  This  can  be  determined  only  by  cal- 
culating the  entire  quantity  found  in  the  urine  of  twenty -four  hours. 

Tests  for  the  Fhosjjhates. 

Detection.  Earthy  Phosphates. — Eender  the  urine  strongly  alka- 
line with  sodium,  potassium,  or  ammonia  and  gently  warm.  The 
earthy  phosphates  are  precipitated  in  a  whitish  cloud  which  soon 
settles.  The  precipitate  is  dissolved  on  the  addition  of  acetic  acid. 
The  white  color  of  the  earthy  phosphates  may  be  altered  by  the  pres- 
ence of  a  large  amount  of  urinary  coloring  matter,  blood,  or  bile  pig- 
ment in  the  urine.  • 

If  this  test  be  made  in  a  test  tube  of  2  c.c.  diameter,  Hofmann 
and  Ultzmann  have  shown  that  a  precipitate  1  cm.  high,  after  settling, 
indicates  a  normal  quantity  of  earthy  phosphates ;  if  it  is  2  or  3  cm. 
high,  they  are  increased;  if  only  a  cloudy  or  flaky  precipitation  oc- 
curs, they  are  deficient. 

Alkaline  FJiosphates. — The  earthy  phosphates  are  first  removed  by 
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precipitation  with  potassium,  sodium,  or  ammonia  and  by  filtration. 
To  the  filtrate  add  one-third  its  volume  of  magnesium  fluid,  consisting 
of  magnesium  sulphate  and  ammonium  chloride,  each  1  part,  dis- 
tilled water  8  parts  and  pure  liquor  ammouise  1  part.  The  alkaline 
phosphates  are  precipitated  in  a  white  cloud.  According  to  Hof- 
mann  and  Ultzmann,  if  they  are  normal  in  amount,  only  a  milky  tur- 
bidity should  be  produced;  if  the  precipitate  be  so  copious  as  to 
produce  a  creamy  appearance,  they  are  increased;  if  only  a  very 
slight  turbidity,  they  are  diminished. 

The  percentage  of  either  the  earthy  or  alkaline  phosphates  may 
be  more  accurately  determined  with  the  aid  of  centrifugal  precipita- 
tion. 

Quantiiative  Determination  of  Total  Phosphoric  Acid. — The  follow- 
ing modification  of  Sutton's  method  of  determining  the  total  amount 
of  phosphoric  acid  eliminated  in  the  urine  is  recommended  by  Purd}'. 
The  following  solutions  are  required : 

1.  A  standard  solution  of  uranium  nitrate,  containing  20.3  gm. 
of  pure  uranium  nitrate  in  1,000  c.c.  of  distilled  water;  1  c.c.  corre- 
sponds to  5  mgm.  of  phosphoric  acid. 

2.  A  sodium  acetate  solution,  containing  100  gm.  of  sodium 
acetate  in  900  c.c.  of  distilled  water,  to  which  100  c.c.  of  acetic  acid 
are  added. 

3.  A  saturated  solution  of  potassium  ferrocyanide. 

Pour  50  c.c.  of  urine  into  a  beaker  and  add  5  c.c.  of  sodium  ace- 
tate solution ;  warm  the  mixture  over  a  water-bath  and  add,  drop  by 
di'op  from  a  pipette,  the  uranium  solution  so  long  as  a  precipitate  is 
formed.  WTien  it  becomes  difficult  to  recognize  the  reaction,  the 
mixture  should  be  thoroughly  stirred  and  a  drop  of  it  taken  and 
placed  on  a  plate  in  contact  with  a  drop  of  the  ferrocyanide  solution. 
If  a  reddish-brown  color  is  produced  at  the  line  of  contact,  the  titra- 
tion is  complete;  if  no  color  appears,  the  beaker  must  be  again 
warmed  and  the  process  continued  until  the  desired  reaction  can  be 
obtained.  From  the  number  of  cubic  centimetres  of  the  uranium 
mixture  used  the  percentage  and  quantity  of  phosphoric  acid  can  be 
readily  calculated,  each  cubic  centimetre  of  the  solution  representing 
0.005  gm.  of  phosphoric  acid. 

This  test  may  alteo  be  employed  for  the  determination  of  the  total 
quantity  of  the  earthy  and  alkaline  phosphates,  as  follows : 

The  earthy  phosphates  are  precipitated  from  200  c.c.  of  urine  with 
ammonia  and,  after  standing  twelve  hours,  are  removed  by  filtration. 
The  precipitate  is  washed  with  ammonia  water  (1  :  3),  the  filter 
punctured,  and  the  precipitate  washed  through  by  a  stream  of  M^arm 
distilled  water,  and  dissolved  while  warm  with  the  smallest  possible 
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quantity  of  acetic  acid.  Tlieu  add  5  c.c.  of  sodium-acetate  solution 
aud  sufficient  distilled  water  to  make  50  c.c.  and  proceed  according 
to  the  above  test  for  the  total  phosphoric  acid.  The  result  indi- 
cates the  i)erceutage  of  phosi)horic  acid  in  combination  with  the 
earthy  bases,  and  the  diii'erence  between  this  result  and  that  obtained 
from  the  estimate  of  the  total  phosphoric  acid  will  represent  the  per- 
centage of  phosphoric  acid  in  combination  with  the  alkalies. 

Sulphates. 

The  suli^hates  are  derived  for  the  most  part  from  the  proteids. 
The  nitrogen  of  the  proteids,  as  has  been  stated,  is  excreted  as  urea 
and  uric  acid ;  the  sulphur  becomes  oxidized  into  sulphuric  acid  and 
appears  in  the  urine  in  combination  with  sodium  and  potassium  and 
in  part  in  the  ethereal  sulphates  to  which  reference  has  been  made. 
The  sulphates,  owing  to  their  great  solubility,  alwaj's  remain  in  solu- 
tion and  are  not  found  in  the  urinary  sediment.  They  amount  to 
from  1.5  to  3  gm.  in  twenty-four  hours,  the  sodium  sulphate  pre- 
dominating. 

The  sulphates  are  increased  in  quantity  phj'siologically  after  the 
ingestion  of  sulphuric  acid  or  its  salts,  after  an  exclusive  meat  diet, 
muscular  exercise,  or  the  inhalation  of  oxygen  gas.  They  are  pa- 
thologically increased  in  acute  fevers  and  notably  in  rheumatism  and 
in  inflammation  of  the  brain  or  its  meninges.  A  close  relation  ex- 
ists normally  between  the  percentage  of  sulphates  and  that  of  urea. 

Tests  for  the  Sulphates. 

Detection. — Acidulate  about  10  c.c.  of  urine  in  a  test  tube  with  a 
few  drops  of  hydrochloric  acid,  and  add  one-third  the  volume  of 
barium-chloride  solution.  A  milky  white  precipitate  (barium  sul- 
phate) denotes  a  normal  quantity  of  sulphates;  a  creamy,  heavy 
precipitate  denotes  an  increased  quantity,  a  faint  cloudiness,  a  dimi- 
nution of  the  sulphates. 

Quantitative  Determination.— 1.  Into  the  graduated  tube  of  the 
centi'ifuge  place  10  c.c.  of  the  urine  and  fill  the  tube  to  the  15  c.c. 
mark  with  acid  barium-chloride  solution  consisting  of  barium  chlor- 
ide 4  parts,  hydrochloric  acid  1  part,  distilled  water  16  parts. 
Thoroughly  agitate  the  tube,  replace  it,  and  revolve  at  the  rate  of 
about  one  thousand  revolutions  a  minute  for  three  minutes.  The 
normal  precipitation  is  about  one  per  cent. 

2.  The  following  reagents  are  required :  (1)  A  standard  solution 
of  barium  chloride  containing  30.5  gm.  of  crystallized  barium  chlo- 
ride in  1,000  c.c.  of  distilled  water;  each  cubic  centimetre  of  this 
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solution  represents  0.01  gm.  of  anliydrous  sulpliuric  acid  (SO3). 
(2)  A  twenty-per-cent.  solution  of  potassium  sulphate.  (3)  Pure 
iLydrochloric  acid. 

Analysis. — Acidulate  100  c.c.  of  the  urine  witli  5  c.c.  of  liydro- 
chloric  acid  and  lieat  in  a  flask  to  boiling.  Tlien  add  the  barium 
solution  from  a  pipette  so  long  as  a  precipitate  is  formed,  being  care- 
ful to  avoid  an  excess.  In  order  to  guard  against  this,  the  effect 
must  be  tested  after  every  addition  of  5  to  8  c.c.  of  the  solution,  the 
mixture  being  heated  before  each  addition.  For  example,  from  5  to 
8  c.c.  of  the  solution  are  added,  and  the  precipitate  is  allowed  to 
settle ;  a  few  drops  of  the  clear  supernatant  fluid  are  then  withdrawn 
in  a  pipette  and  treated  with  a  few  drops  of  the  barium  solution  in  a 
watch-glass.  If  a  precipitate  is  formed,  the  whole  is  returned  to  the 
flask,  heat  is  applied,  and  another  addition  of  barium  solution  is 
made,  this  process  being  repeated  until  a  precipitate  is  no  longer  per- 
ceptible. If  an  excess  has  been  added,  on  the  other  hand,  the  analy- 
sis must  be  repeated.  To  determine  this,  a  drop  of  the  clear  super- 
natant fluid  in  the  flask  is  mixed  with  a  drop  of  the  potassium 
sulphate  solution;  if  more  than  a  faint  cloudiness  is  produced,  an 
excess  has  been  added. 

The  percentage  of  sulphuric  acid  is  readily  calculated  from  the 
quantity  of  the  barium  solution  used,  each  cubic  centimetre  repre- 
senting 0.01  gm.  of  sulphuric  acid. 

CaPlBOXATES. 

The  carbonates  and  bicarbouates  of  sodium,  magnesium,  and 
potassium  are  found  in  normal  alkaline  urine.  Their  source  is  the 
food,  particularly  fruits  and  vegetables  containing  lactic,  tartaric, 
malic,  succinic,  and  other  vegetable  acids.  Urine  containing  a  large 
amount  of  carbonates  is  turbid  when  voided,  or  soon  becomes  so. 
The  precipitate  after  standing  consists  chiefly  of  calcium  carbonate, 
frequently  associated  with  phosphates.  Ammonium  carbonate  is 
often  found  in  great  quantity  as  a  result  of  the  decomposition  of  urea 
(alkaline  fermentation)  in  the  bladder  or  after  standing. 

Tests  for  the  Carbonates. 

Detection. — The  addition  of  an  acid  to  urine  containing  carbonates 
liberates  a  colorless  gas  (carbonic  acid)  which  renders  baryta  water 
or  lime  water  turbid. 

Quantitative  Determination. — The  following  method  of  determining 
the  amount  of  free  carbonic  acid  in  the  urine  was  devised  by  Mar- 
chand.     One  hundred  cubic  centimetres  of  urine  are  placed  in  a  flask 
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provdded  with  a  closely-fitting  stopper  liaviug  two  perforations.  A 
tube  is  passed  through  one  opening  until  it  dips  into  the  urine  and 
is  connected  by  its  other  end  with  a  tube  containing  quicklime.  One 
arm  of  a  doubly  bent  tube  is  passed  through  the  other  opening,  but 
not  deep  enough  to  reach  the  urine,  the  other  arm  being  passed  into 
an  empty  flask.  The  empty  flask  is  then  connected  in  the  same  manner 
with  three  other  flasks  containing  baryta  water,  the  entering  tube  of 
each  flask  dijjpiug  into  the  baryta  water  and  all  connections  are  her- 
metically sealed. 

The  urine  is  then  heated  to  boiling  on  a  water-bath ;  anj^  portion 
of  it  which  boils  over  goes  into  the  empty  flask,  and  the  carbonic  acid 
which  is  driven  off  passes  through  the  baryta  water,  forming  a  pre- 
cipitate of  barium  carbonate.  Air  is  now  drawn  through  the  appa- 
ratus, its  passage  through  the  tube  containing  quicklime  freeing  it 
from  possible  carbonic  acid.  The  barium  carbonate  is  now  collected 
on  a  filter,  washed  with  distilled  water,  dissolved  with  hydrochloric 
acid,  and  precipitated  as  barium  sulphate  with  sulphuric  acid.  This 
is  dried  and  weighed,  and  from  it  the  amount  of  carbonic  acid  is  cal- 
culated, 232.62  parts  of  barium  sulphate  representing  196.65  parts  of 
barium  carbonate,  or  44  parts  of  carbonic  acid. 

This  method  may  be  employed  to  determine  the  total  amount  of 
carbonic  acid,  the  urine  being  first  strongh^  acidulated  with  hjdro- 
chloric  acid  in  the  flask.  The  quantity  of  combined  carbonic  acid 
may  then  be  calculated  by  subtracting  the  amount  of  free  carbonic 
acid  from  the  total  amount. 

Other  Inorganic  Constituents. 

Small  quantities  of  iron,  free  ammonia,  and  hydrogen  dioxide  are 
found  in  the  urine.  The  hydrogen  dioxide  may  be  recognized  by  its 
giving  a  blue  tinge  to  tetra  paper,  and  by  its  bleaching  a  dilute  solu- 
tion of  indigo  in  the  presence  of  a  ferric-sulphate  solution. 

Gases. — The  gases  of  the  urine  are,  oxygen,  0.2  to  0.6  volume;  car- 
bonic acid,  four  to  nine  volumes  free,  two  to  five  volumes  combined; 
nitrogen,  0.7  to  0.8  volume.  These  may  be  withdrawn  by  means  of 
the  air  pump. 

ABNORMAL   URINE. 

Physical  Properties. 

The  changes  in  the  physical  properties  of  the  urine  which  result 
from  pathological  conditions  have  been  considered  under  the  head  of 
physical  properties  of   normal   urine,  since  to  consider  them  here 
Vol.  VII.— 45 
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would  necessitate  mucli  repetition.  Tlie  reader  is  therefore  referred 
to  pages  667  to  677,  under  tlie  titles,  Color,  Translucency,  Specific 
Gravity,  etc. 

Chemical  Properties. 

Peoteids. 

The  kidneys  of  an  individual  in  perfect  health  do  not  permit  the 
escape  of  an  appreciable  quantity  of  proteid  substances.  The  slight 
trace  of  nucleoalbumin  which  seems  to  be  normally  present  comes 
for  the  most  part,  although  possibly  not  always,  from  the  epithelium 
of  the  tubules,  and  enters  the  urine  after  it  has  left  the  glomeruli. 
Under  certain  pathological  conditions,  either  of  the  proteids  of  the 
blood,  serumalbumin,  serumglobulin,  fibrin,  or  haemoglobin,  may 
appear  in  the  urine,  singly,  or  in  various  combinations.  The  abnor- 
mal condition  leading  to  their  escape  may  be  located  in  the  kidneys 
or  in  the  blood;  or  it  may  be  a  systemic  defect.  In  like  manner 
peptone  and  certain  of  the  proteoses  may  escape.  Egg  albumin  may 
be  eliminated  through  the  kidneys  after  the  free  ingestion  of  eggs. 

AliBUMIN. 

Greater  attention  has  been  paid  to  the  subject  of  albuminuria  than 
to  any  other  abnormal  state  of  the  urine.  For  many  years  following 
Bright' s  discovery  of  its  relation  to  disease  of  the  kidneys,  the  term 
was  regarded  as  synonymous  with  the  term  Bright' s  disease,  which 
was  used  to  designate  all  forms  of  renal  disorder.  Of  late  years, 
however,  as  a  result  of  more  accurate  clinical  and  pathological 
observation,  the  presence  of  albumin  in  the  urine  has  come  to  be  re- 
garded as  a  symptom  common  to  many  affections,  not  of  the  kidneys 
alone,  but  oftentimes  conditions  of  the  blood,  or  of  the  blood  pres- 
sure, or  abnormal  states  of  the  general  system.  A  great  deal  has 
been  written  in  the  last  few  years,  indeed,  in  defence  of  a  so-called 
physiological  albuminuria,  many  cases  being  cited  to  show  that  al- 
bumin sometimes  appears  in  the  urine  without  any  coincident  lesion 
to  account  for  its  presence  and  without  discoverable  impairment  of 
health.  A  majority  of  the  advocates  of  this  theory  have  endeavored 
in  reality  to  prove  the  absence  of  other  symptoms,  particularly  the 
absence  of  renal  casts,  which  commonly  accompany  albuminuria  from 
renal  disease.  While  it  cannot  be  denied  that  albumin  is  sometimes 
found  in  the  urine,  temporarily^  intermittently,  or  more  or  less  con- 
stantly, without  discoverable  cause,  there  is  much  objection  to  the 
use  of  a  term  in  the  description  of  such  phenomena  which  implies 


CHEMICAL  PROPERTIES.  707 

strict  conformity  to  health,  as  all  physiological  processes  are  under- 
stood. In  the  strict  use  of  the  term,  therefore,  there  can  be  but  two 
instances  in  which  the  presence  of  albumin  in  the  urine  can  be  con- 
sidered i)hysiological ;  these  are,  first,  the.  slight  trace  of  nucleo- 
albumin  more  or  less  constantly  present ;  and,  second,  the  elimination 
of  egg  albumin,  to  both  of  which  reference  has  been  made  in  the 
preceding  paragraph. 

But,  although  the  presence  in  the  urine  of  a  small  quantity  of 
serumalbumin  does  not  necessarily  imj^ly  an  appreciable  lesion  of 
the  kidney,  since  the  contrary  has  been  repeatedly  demonstrated, 
nevertheless  the  discovery  of  an  albuminuria,  no  matter  how  slight, 
should  be  looked  upon  as  strongly  indicative  of  a  renal  defect,  an 
alteration  of  the  glomerular  basement  membrane,  if  not  a  more  ijro- 
nounced  structural  lesion.  In  the  absence  of  all  indications  of  struc- 
tural lesions,  the  albuminuria  may  be  provisionally  referred  to  an 
alteration  of  the  blood  or  of  the  blood  pressure,  or  to  an  abnormal 
state  of  the  system.  If  continued  for  any  length  of  time,  even  inter- 
mittently-, it  always  denotes  some  departure  from  health. 

Clinical  Significance. — Every  form  of  inflammatory  or  degener- 
ative disease  of  the  kidneys  is  more  or  less  constantly  accompanied 
by  albuminuria;  but  the  intensity  of  the  latter  symptom  is  not  an 
index  to  the  character  or  gravity  of  the  disease.  The  presence  of  a 
large  quantity  of  albumin  (it  rarely  exceeds  three  per  cent,  by  weight) 
is  indicative  of  a  grave  lesion,  such  as  acute  or  chronic  exudative  or 
diffuse  nephritis ;  but  in  the  granular  kidney  (chronic  interstitial  ne- 
phritis), one  of  the  most  dangerous  of  renal  degenerations,  albumin 
is  rarely  abundant,  and  may  be  temporarily  absent  from  the  urine. 
The  age  of  the  individual  is  of  value  in  this  connection,  since  in- 
terstitial nephritis  occurs  for  the  most  part  after  middle  life ;  yet  it 
has  been  encountered  in  childhood. 

In  the  so-called  Ticematogenic  alhuininiiria,  the  blood  is  so  altered  as 
to  increase  the  diffusibility  of  the  albumin  and  to  permit  its  escape 
from  the  vessels  of  the  glomerulus.  This  occurs  for  the  most  part  in 
profound  anaemia,  particularly  in  that  of  tuberculous  patients,  the 
albuminuria  frequently  occurring  before  the  tuberculous  disease  can 
be  recognized  by  physical  methods  of  examination.  In  some  of  the 
infectious  diseases,  notably  scarlatina,  diphtheria,  and  typhoid  fever, 
possibly  including  tuberculosis,  the  escape  of  albumin  is  believed  to 
be  directly  due  to  the  presence  of  micro-organisms  in  the  blood  or  tis- 
sues, or  to  the  action  of  their  toxins  on  the  kidneys  (toxic  albumin- 
uria). Alcohol,  lead,  mercury,  and  phosphorus  are  included  among 
the  causes  of  this  form  of  albuminuria. 

Some  authors  make  a  separate  class  of  " febrile''  albuminuria,  at- 
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tributing  the  presence  of  albumin  to  the  elevation  of  temperature, 
even  in  the  early  stages  of  the  infectious  diseases.  Its  causation  is 
supposed  to  be  similar  to  that  which  sometimes  follows  severe  mus- 
cular exercise,  namely,  the  increased  elimination  of  waste  products. 
It  is  safe,  however,  to  regard  the  albuminuria  of  the  later  stages  of 
infectious  diseases,  like  that  which  results  from  scarlatina,  as  due 
ultimately  to  a  degeneration  of  renal  epithelium. 

Albuminuria  arising  from  changes  in  the  blood  pressure  of  the 
kidney  may  be  produced  by  influences  which  cause  either  an  in- 
creased flow  of  arterial  blood  into  the  kidney,  or  an  interference  with 
the  escape  of  venous  blood.  An  example  of  this  is  seen  in  the 
albuminuria  of  heart  disease,  as  from  hypertrophy,  with  or  without 
valvular  lesion,  a  form  usually  terminating  in  marked  renal  degener- 
ation. Most  of  the  so-called  fimctiojial  albuminurias  are  probably  of 
this  character,  including  many  cases  of  violent  or  prolonged  muscular 
exertion,  as  in  soldiers  on  forced  marches,  overworked  laborers,  and  in 
children  after  violent  exercise.  Albuminuria  of  this  character  may 
arise  also  from  an  engorgement  of  internal  vessels  produced  by  the 
action  of  cold  on  the  body  surface,  from  renal  venous  thrombosis, 
from  vasomotor  disturbance  of  the  renal  circulation,  from  mental 
worry  or  fatigue,  or  from  such  disease  of  the  nervous  system  as  epi- 
lepsy, hysteria,  etc.  Closely  related  to  this  class  of  etiological  factors 
is  the  increase  of  tension  in  the  kidney  itself  which  is  produced  by 
congestion  and  maintained  by  exudative  changes  and  which  Reginald 
Harrison  regards  as  of  importance  in  continuing  the  escape  of  al- 
bumin. 

Pavy  has  given  the  name  cyclic  alhuminuria  to  cases  in  which  the 
appearance  of  albumin  in  the  urine  is  intermittent  in  character,  fol- 
lowing a  regular  daily  course,  disappearing  during  sleep,  increasing 
with  activitj^  or  occurring  in  a  cycle  of  from  twelve  to  thirty-six  hours' 
duration.  Such  cases  are  most  frequently  encountered  in  young  male 
subjects,  often,  according  to  Teissier,  the  offspring  of  gouty  or  arthritic 
parents,  and  probably  belong  to  the  same  category  as  Moxon's  albumin- 
uria of  adolescence.  Some,  however,  regard  cyclic  albuminuria  as  only 
a  periodic  nucleoalbuminuria,  and  Ribbert  refers  the  albuminuria  of 
adolescence  to  a  temporary  return  to  an  embryonic  type  on  the  part 
of  the  kidney,  basing  his  theory  on  the  fact  that  the  embryonic  kid- 
ney secretes  albuminous  urine  up  to  the  time  of  birth  and  sometimes 
fails  to  arrest  its  secretion  at  that  time.  In  all  this  class  of  cases  the 
quantity  of  albumin  is  usually  comparatively  small,  0.1  to  one  per 
cent.,  or  less.  Other  features  are,  a  high  specific  gravity — 1.024  to 
1.030 — the  absence  of  casts,  often  an  increased  acidity  and  increase 
of  urea,  urates,  and  coloring  matter,  little  or  no  impairment  of  health, 
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and  no  structural  lesions.  The  presence  of  casts,  even  of  a  few  hya- 
line casts,  or  other  features  than  those  enumerated,  should  be  re- 
garded as  of  serious  import  in  this  class  of  cases. 

A.  Eobin  has  described,  under  the  name  of  phosphatic  albummuria, 
a  form  -which  he  attributes  to  a  destruction  of  blood  cells,  associated 
with  marked  increase  of  the  phosphoric  acid  in  the  urine. 

Shattuck  ascribes  the  occurrence  of  albuminuria  in  the  aged  to  a 
senile  degeneration,  thus  accounting  for  its  frequent  occurrence  in 
old  persons. 

Albuminuria  sometimes  occurs  in  diseases  affecting  the  skin,  such 
as  scabies,  or  follows  the  application  of  a  blister.  Huchard,  Crequy, 
and  others  of  the  Societe  de  Therapeutique,  Paris,  have  recently 
strongly  condemned  the  use  of  vesicatories  on  this  account. 

Finally  the  urine  is  sometimes  rendered  albuminous  after  it  has 
left  the  kidneys  by  contamination  with  the  products  of  inflamma- 
tion in  the  renal  pelvis,  ureters,  bladder,  or  urethra,  or  with  blood 
from  any  source.  It  need  hardly  be  added  that  more  than  one  of  the 
causes  above  enumerated  may  operate  simultaneously  in  producing 
albuminuria. 

Diet  has  a  marked  influence  upon  the  quantity  of  albumin  lost  in 
a  case  of  nephritis,  but  the  propriety  of  regarding  this  fact  in  treat- 
ment has  recenth'  been  questioned  on  the  ground  that  an  injury  is 
done  in  many  cases  by  too  great  restriction  of  diet. 

Detectiox.  1.  Heat. — Fill  a  test  tube  a  little  more  than  half  full 
of  urine  and  apjjly  heat  to  the  upper  portion  of  the  column,  or  to  the 
entire  column,  until  boiling  occurs.  If  a  cloudiness  is  produced,  add 
a  few  drops  of  nitric  acid.  If,  on  the  addition  of  the  acid,  the  pre- 
cipitate remains  or  becomes  more  pronounced,  it  indicates  albumin; 
if  it  disappears,  it  denotes  the  earthy  phosphates.  An  excess  of  the 
acid  should  be  avoided,  as  a  soluble  acid  albumin  may  be  formed. 
Only  a  few  drops  of  acid  should  at  first  be  added,  then  more,  repeat- 
ing the  boiling  after  each  addition,  until  a  precipitation  occui"S  or 
from  twenty  to  thirty  drops  have  been  added. 

If  the  urine  to  be  tested  be  alkaline  in  reaction,  it  should  be  ren- 
dered acid  before  applying  heat,  by  the  addition  of  a  few  drops  of 
nitric  acid. 

This  test  is  one  of  the  most  reliable,  but  it  reacts  to  globulin  and 
mucin,  and  albumose  is  precipitated  by  it  after  the  urine  has  become 
cold.  Pine  acids,  if  present,  as  they  may  be  after  the  administration 
of  cubebs  or  copaiva,  are  precipitated,  but  they  may  be  readily  identi- 
fied by  the  fact  that  the  precipitate  is  at  once  dissolved  by  alcohol. 

2.  Nitric  Acid. — Heller's  nitric-acid  test  is  performed  by  floating 
a  column  of  urine  over  a  column  of  pure  nitric  acid  in  a  test  tube. 
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The  tube  may  be  inclined  so  as  to  permit  the  urine  to  flow  very  gen- 
tly over  the  surface  of  the  acid  without  mixing,  or  the  urine  may  be 
first  placed  in  the  tube  and  the  acid  placed  beneath  it  by  means  of  a 
pipette.  If  albumin  be  present,  an  opalescent  zone  is  formed  at  the 
point  of  contact  between  the  acid  and  urine,  varying  in  depth  of 
whiteness  with  the  abundance  of  albumin.  If  no  such  zone  be  visible 
upon  examining  the  tube  in  a  good  light  over  a  black  background, 
the  test  tube  should  be  set  aside  for  an  hour  or  two  and  examined  at 
intervals  of  fifteen  minutes  during  that  time.  It  should  be  remem- 
bered, however,  that  albumose  and  nucleoalbumin  may  separate  from 
a  cold  acidulated  urine,  and  that  a  slight  turbidity  thus  obtained  does 
not  necessarily  imply  the  presence  of  albumin. 

Slightly  warming  the  urine  before  making  this  test  renders  the 
reaction  more  certain  and  prompt,  and  that  of  nucleoalbumin  less 
apt  to  occur.  The  addition  of  acid  to  hot  urine,  on  the  other  hand, 
may  vitiate  the  test,  particularly  if  the  phosphates  be  increased,  as  it 
may  lead  to  the  formation  of  a  soluble  alkaline  albuminate,  by  par- 
tially acidifying  the  phosphates  and  causing  the  albumin  to  unite 
with  the  remainder. 

If  the  urine  be  very  strongly  acid  in  reaction,  the  test  sometimes 
fails  and  should  be  repeated  after  carefully  neutralizing  the  urine  or 
after  rendering  it  slightlj^  acid  with  acetic  acid. 

In  the  presence  of  a  large  percentage  of  urates,  a  slight,  usually 
brownish  cloud  may  be  produced  by  this  test,  owing  to  a  precipita- 
tion of  amorphous  urates ;  the  cloudiness  does  not  occur,  however,  at 
the  point  of  contact  between  the  two  fluids,  but  higher  up ;  it  is  also 
more  diffused  than  the  cloud  due  to  albumin,  extending  further  up 
into  the  urine,  and  it  disappears  upon  the  application  of  heat. 

The  cloudiness  produced  by  this  test  in  the  presence  of  mucin 
occurs  higher  up  in  the  column  of  urine,  since  mucin  is  soluble  in 
strong  nitric  acid  and  precipitated  by  the  dilute  acid. 

All  modifications  of  albumin  are  revealed  by  this  test,  but  no  re- 
action is  produced  with  peptone  or  the  vegetable  alkaloids. 

When  only  a  small  quantity  of  urine  is  available,  the  test  may  be 
made  in  a  pipette,  as  suggested  by  Dr.  A.  C.  Ewing,  of  Salt  Lake 
City.  A  little  of  the  urine  is  first  drawn  Up  into  the  pipette,  then  a 
little  pure  nitric  acid.  A  distinct  zone  is  formed  at  the  junction  of 
the  two  fluids. 

3.  Purely' s  Heat  and  Acid  Test.  —Have  on  hand  a  filtered  saturated 
solution  of  sodium  chloride.  Add  enough  of  this  to  the  urine  to  raise 
the  specific  gravity  ten  or  fifteen  degrees,  to  prevent  the  reaction  with 
mucin.  Then  fill  a  test  tube  two-thirds  full  with  the  urine,  add  one 
or  two  drops  of  strong  acetic  acid  and  boil  the  upper  inch  of  the  urine 
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for  about  half  a  minute.  Examine  in  a  good  light,  and  if  albumin  be 
present,  it  will  appear  in  the  upper  boiled  portion  as  a  more  or  less 
milk-white  turbidity,  according  to  the  quantity  present.  This  test  is 
especially  valuable  for  the  detection  of  minute  quantities  of  albumin. 

4.  Potassunn-Ferrocyanide  Test. — Pour  into  a  clean  test  tube  fi-om 
fifteen  to  thirty  drops  of  acetic  acid,  add  to  it  two  or  three  times  as 
much  of  a  five-per-cent.  solution  of  potassium  ferrocyanide,  and  mix 
thoroughly  b}'  shaking.  Then  fill  the  test  tube  two-thirds  full  of  the 
urine  to  be  tested.  Albumin,  if  present,  will  be  precipitated  as  a 
more  or  less  milky,  flocculent  precipitate  throughout  the  entire  col- 
umn, the  density  corresponding  to  the  quantity  of  albumin.  To  fa- 
cilitate the  recognition  of  the  precipitate,  the  urine  so  tested  should 
be  compared  with  a  specimen  of  the  same  urine  in  a  clean  test  tube 
of  the  same  size  against  a  dark  background,  a  very  faint  reaction 
thus  becoming  apparent. 

It  is  essential  that  this  test  be  performed  in  the  manner  described 
or  by  first  mixing  the  urine  and  the  ferrocyanide  solution;  the  acid 
must  not  be  added  first.  When  thus  performed,  it  is  one  of  the  most 
valuable  of  the  tests  for  albumin,  invariably  revealing  all  forms  and 
modifications  of  albumin,  acid  or  alkaline,  including  nucleoalbumiu, 
and  nothing  else.  It  yields  no  reaction  with  mucin,  urates,  phos- 
phates, peptone,  vegetable  alkaloids,  or  the  pine  acids.  No  precau- 
tions are  necessary  further  than  to  follow  the  method  just  described. 

The  foregoing  tests  are  so  delicate,  so  positive,  and  so  easily 
performed  that  no  others  need,  as  a  rule,  be  resorted  to.  It  is  better 
that  two  or  three  of  them  be  familiarized  for  use  in  routine  work,  to 
the  exclusion  of  all  others.  The  following  tests  are  given,  therefore, 
chiefly  for  the  sake  of  reference,  and  are  valuable  for  the  most  part 
when  they  fail  to  produce  a  reaction. 

5.  Spieglers  Test. — This  is  one  of  the  most  sensitive  tests,  reveal- 
ing one  part  of  albumin  in  150,000  of  urine.  Whittaker  esteems  it  as 
one  of  the  most  valuable  for  detecting  pre-tuberculous  albuminuria. 

Add  a  few  drops  of  hydrochloric  or  nitric  acid  to  the  urine  and 
filter  to  remove  mucin.  (Spiegler  used  acetic  acid.)  A  test  tube  is 
now  half-filled  with  the  reagent  which  consists  of  bichloride  of  mer- 
cury, 4  gm. ;  tartaric  acid,  2  gm. ;  distilled  water,  100  c.c. ;  gly- 
cerin 10  c.c.  (or  sugar  10  gm.).  The  urine  is  flowed  gently  over  this 
fluid,  and,  if  albumin  be  present,  a  white  ring  will  appear  at  the 
point  of  contact. 

If  the  urine  contain  iodine,  a  reaction  similar  to  that  of  albumin 
is  produced.  It  has  been  claimed  also  that  the  delicacy  of  this  test 
depends  upon  the  presence  of  chlorides  in  the  urine,  and  that  its  ac- 
tion is  slow  when  these   are  reduced  in  quantity  to  one-foui'th  the 
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normal,  and  that  it  fails  entirely  if  they  be  reduced  to  one-eighth  or 
less. 

6.  Potassiwn-3Iercuric-Iodide  Test. — The  following  solution  is 
used:  Potassium  iodide,  3.32 gm. ;  mercuric  chloride,  1.35  gm. ;  acetic 
acid,  20  c.c. ;  distilled  water  enough  to  make  100  c.c.  The  potassium 
iodide  and  mercuric  iodide  are  dissolved  separately  in  sufficient 
water,  the  solutions  mixed,  the  acetic  acid  is  added,  with  sufficient 
water  to  make  100  c.c.  A  little  of  the  reagent  is  then  poured  into  a 
test  tube  and  urine  is  gently  poured  over  it,  as  in  the  other  contact 
tests.  The  test  is  very  sensitive  to  albumin,  but  reveals  all  modi- 
fications of  albumin,  peptone,  proteoses,  mucin,  and  the  pine 
acids. 

7.  Picric-Acid  Test. — Sir  George  Johnson's  picric-acid  test  is 
made  thus :  A  saturated  solution  of  picric  acid  (six  or  seven  grains  dis- 
solved in  an  ounce  of  boiling  distilled  water)  is  kept  on  hand.  A  test 
tube  is  nearly  filled  with  the  urine  to  be  tested,  and  a  little  of  this 
solution  is  gently  poured  upon  its  surface.  If  albumin  be  present,  a 
cloud  forms  in  the  area  in  which  the  two  fluids  mingle.  Slight  mix- 
ture must  take  place  in  order  to  bring  out  the  reaction.  Albumin, 
mucin,  peptone,  proteoses,  and  vegetable  alkaloids  respond  to  the 
test,  but  all  except  albumin  and  mucin  are  dissolved  by  heat.  Heat 
often  gives  this  test  an  apparently  more  intense  action,  but  Kirk 
claims  that  this  is  due  to  a  precipitation  of  mucin,  and  that  it  does 
not  add  to  its  efficacy  as  a  test  for  albumin. 

8.  Acidulated-Brine  Test. — One  part  of  strong  hydrochloric  acid  is 
added  to  sixteen  parts  of  a  saturated  solution  of  sodium  chloride, 
and  the  urine  is  flowed  upon  the  mixture  in  the  usual  manner.  An 
opaque  zone  at  the  junction  of  the  two  fluids  indicates  the  presence 
of  albumin. 

9.  Trichloracetic  Acid. — To  about  2  c.c.  of  urine  fifteen  drops  of  a 
thirty-per-cent.  solution  of  trichloracetic  acid  are  added.  A  cloudi- 
ness corresponding  to  the  quantity  of  albumin  is  produced.  Confu- 
sion which  sometimes  arises  from  a  precipitation  of  the  urates,  when 
abundant,  may  be  removed  by  heat. 

This  test  may  be  performed  by  the  contact  method,  or  by  drop- 
ping a  small  crystal  of  the  acid  into  1  c.c.  of  the  urine,  previously  fil- 
tered, in  a  narrow  test  tube.  The  acid  dissolves  and  a  line  is  formed 
between  it  and  the  urine.  Dilution  of  the  urine  with  distilled  water 
prevents  to  some  extent  the  precipitation  of  the  urates.  Eemarkable 
delicacy  is  claimed  for  the  test,  even  the  detection  of  0.002  per  cent, 
of  albumin. 

10.  MetajDhosjjJioric-Acid  Test. — This  test  is  made  in  the  same  man- 
ner as  the  preceding,  a  small  mass  of  the  acid  being  dropped  into  the 
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urine;  a  milky  zone  forms  as  it  dissolves.     The  chief  objection  to  the 
test  lies  in  the  difficulty  of  keeping  the  acid. 

11.  Sodiiu  II- Tung  state  Test  (Dr.  George  Oliver). — Mix  equal  part 
of  a  sodium-tungstate  solution  (1 : 4)  and  a  saturated  citric-acid 
solution  (10 :  6),  and  apply  by  the  contact  method.  Albumin,  mucin, 
peptone,  and  urates  are  precipitated,  all  dissolving  on  the  applica- 
tion of  heat  except  albumin  and  mucin. 

12.  Nitric-31agnesium  Test  (Roberts). — One  part  of  strong  nitric 
acid  is  added  to  five  parts  of  a  saturated  solution  of  magnesium  sul- 
phate and  the  test  is  applied  by  the  contact  method. 

13.  Biuret  Test. — A  solution  of  caustic  potash  is  added  to  the 
urine,  then  a  weak  solution  of  cupric  sulphate,  drop  by  drop,  from  a 
pipette.  If  albumin  be  present,  the  greenish  precipitate  (cupric  per- 
oxide) is  redissolved  and  the  fluid  assumes  a  reddish-violet  color. 
Albumose  and  globulin  yield  the  same  reaction,  peptone  gives  a  red 
color. 

14.  Milloii's  Test. — Millon's  reagent  is  a  solution  of  mercuric  ni- 
trate containing  an  excess  of  nitric  acid.  Dissolve  one  part  of  mer- 
cury in  two  parts  of  nitric  acid  of  1.42  specific  gravity  and  dilute 
with  two  volumes  of  water.  To  one  drachm  of  urine  add  ten  minims 
of  the  reagent.  If  albumin  be  present  in  considerable  quantity,  a 
whitish  precijjitate  forms  which  becomes  red  when  heated;  if  only  a 
trace  of  albumin  be  present,  the  red  color  is  produced  without  pre- 
cipitation. The  test  reacts  also  to  members  of  the  aromatic  series 
and  to  some  of  the  benzol  group. 

15.  Acetic-Acid- Sodium- Sulphate  Test. — Strongly  acidulate  the 
urine  with  acetic  acid.  To  this  add  one  drachm  of  a  strong  sodium- 
sulphate  solution  and  boil.  If  albumin  be  present,  a  permanent 
precipitate  is  formed. 

16.  Phenic- Acetic- Ac  id  Test  (Millard). — The  agent  used  is  com- 
posed of  glacial  phenic  (ninety-five  per  cent,  carbolic)  acid  3  ij. ;  chem- 
ically pure  acetic  acid,  3  ij. ;  liquor  potassse,  3  vi.  The  test  is  made 
by  the  contact  method.  Albumin,  mucin,  peptone,  vegetable  alka- 
loids, and  pine  acids  are  precipitated  by  the  test;  the  alkaloids  and 
peptone  are  dissolved  by  heat,  pine  acids  by  alcohol. 

17.  Hyiisius''  Test. — Strongly  acidulate  the  urine  with  acetic  acid, 
add  a  few  cubic  centimetres  of  a  saturated  solution  of  sodium  chloride 
and  boil.     Albumin  is  indicated  by  a  flocculent  precipitate. 

18.  Alcohol  Test. — The  following  test  is  recommended  by  Dr. 
John  G.  Truax  as  a  fairly  delicate  test  for  both  albumin  and  mucin. 
A  test  tube  is  filled  to  the  depth  of  an  inch  or  more  with  ninety-eight 
per  cent,  alcohol  and  upon  this  is  dropped  a  little  urine  from  a  pipette 
passed  down  nearly  to  the  surface  of  the  urine.     If  albumin  is  present, 
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it  is  precipitated  in  a  whitisli  streak  extending  quickly  to  the  bottom 
of  the  tube ;  if  mucus  be  present,  a  general  cloudiness  of  the  alcohol 
results.  If  the  alcohol  be  overlaid  with  the  urine  by  the  contact 
method,  a  white  ring  denotes  albumin,  and  a  general  cloudiness 
mucin. 

19.  Xanthoproteic  Reaction.- — Add  to  the  urine  concentrated  nitric 
acid  and  boil.  After  the  liquid  has  cooled,  add  ammonia.  If  albu- 
min be  present,  an  orange  color  is  produced. 

20.  Test  Papers  and  Tablets. — Test  papers  have  been  made  by 
saturating  white,  chemically  pure  blotting  paper  in  solutions  of  the 
various  reagents  used  in  testing  for  albumin.  These  papers  are  cut 
into  strips  and  dried,  and  may  be  carried  in  the  pocket  case.  The 
test  is  made  by  placing  one  of  the  papers  in  a  small  test  tube  with 
about  a  drachm  of  distilled  water.  After  a  moment's  agitation  the 
paper  is  removed  and  the  urine  added,  preferably  by  the  contact 
method.     The  ferrocyanide  test  is  one  of  the  best  for  this  method. 

More  recently,  compressed  tablets  have  been  introduced  for  the 
same  purpose  and  may  be  used  in  the  same  manner. 

Many  other  tests  have  been  proposed,  but  few,  if  any  of  them,  pos- 
sess advantages  over  those  that  have  been  mentioned.  Many  of  them, 
as  indeed  many  of  those  already  given,  owe  their  delicacy  chiefly  to 
the  fact  that  they  precipitate  other  substances  than  serumalbumin 
and  are  therefore  unreliable.  All  tests  containing  mercury,  tannin, 
or  other  strong  vegetable  acids  are  fallacious  on  this  account. 

Quantitative  Determination, — The  gravimetric  methodic  the  most 
accurate  means  of  determining  the  quantity  of  albumin.  A  mixture 
of  equal  parts  of  a  saturated  potassium-ferrocyanide  solution  and 
acetic  acid  is  added  drop  by  drop  to  100  c.c.  of  the  urine  until  all 
the  albumin  has  been  precipitated.  The  fluid  is  then  passed  through 
a  filter  of  known  weight,  the  precipitate  is  washed  on  the  filter  with 
distilled  water,  alcohol,  and  ether  in  succession,  and  dried  at  120  °  C 
The  filter  with  its  contained  albumin  is  then  weighed  and  the  weight 
of  the  filter  is  deducted  to  give  the  weight  of  albumin  in  100  c.c.  of 
the  urine. 

EshacWs  Ifethod. — This  method  is  simpler  than  the  preceding,  the 
percentage  being  measured  in  a  graduated  glass  tube  after  precipita- 
tion with  picric  acid.  The  standard  solution  is  prepared  by  dissolv- 
ing picric  acid  10  gm.,  and  citric  acid  20  gm.  in  1,000  c.c.  of  distilled 
water.  The  tabe  is  filled  to  the  mark  U  with  urine,  and  enough  of 
the  reagent  is  added  to  raise  the  level  to  the  mark  R  (Fig.  49).  The 
tube  is  then  closed  with  the  stopper,  inverted  several  times  to 
mix  the  fluids  thoroughly,  and  is  set  aside  for  twenty-four  hours. 
The  degree  on  the  scale  corresponding  to  the  level  of  the  precipitate 
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indicates  the  number  of  grams  of  albumin  in  a  litre  of  the  urine,  one- 
tenth  of  which  number  represents  the  percentage.  The  figure  7,  for 
example,  denotes  7  gm.  of  albumin  to  a  litre,  or  0.7  per  cent.  If 
the  quantity  of  albumin  be  found  to  be  great,  the  urine  should  be 
diluted  with  one  or  two  volumes  of  distilled  water  before 
the  test  is  made  and  the  result  multii)lied  by  2  or  3  as 
the  volume  was  doubled  or  trebled.  The  fact  that  picric 
acid  precipitates  also  mucin,  peptone,  and  the  proteoses 
renders  this  method  liable  to  frequent  error.  Uncertainty 
may  result  also  from  a  failure  of  the  coagulated  albumin 
to  settle  completely. 

The  Centrifugal  3Iethod. — This  is  the  quickest  method 
and  is  even  more  accurate  than  that  of  Esbach.  The 
graduated  tube  of  the  centrifuge  is  filled  to  the  10  c.c. 
mark  and  3.5  c.c.  of  a  ten-per-cent,  potassium-ferrocyan- 
ide  solution  and  1.5  c.c.  of  acetic  acid  are  added  and  the 
fluids  are  thoroughly  mixed.  The  centrifuge  is  then  re- 
volved until  the  albumin  is  all  settled,  leaving  the  fluid  '^-^ 
perfectl}^  clear;  each  tenth  cubic  centimetre  of  the  scale  ^'bach\~Ai- 
represents  one  per  cent,  of  albumin  by  bulk.  buminome- 

Care  must  be  taken  in  all  these  methods  not  to  con-      ^^^' 
found  the  real  percentage  with  the  apparent  percentage  by  bulk. 
When  the  addition  of  a  reagent  causes  a  precipitation  which  appar- 
ently amounts  to  half  the  bulk  of  the  fluid,  the  real  percentage  is  by 
no  means  fifty,  but  may  be  as  low  as  two  per  cent. 

Globulin. 

Globulin  (serumglobulin  or  paraglobin)  is  usually  present  in 
albuminous  urine,  and,  owing  to  its  greater  diffusibility,  may  even 
exceed  the  albumin  in  quantity,  although  it  is  less  abundant  in  the 
blood.  The  clinical  significance  of  globulin  is  nearly  the  same  as 
that  of  albumin,  except  that  it  occurs  more  frequently,  as  an  accom- 
paniment of  albumin,  in  acute  parenchymatous  nephritis  and  in 
amyloid  degeneration  of  the  kidneys.  In  chronic  nephritis  it  is 
usually  absent  or  present  in  only  very  small  amount.  Globulin  is 
insoluble  in  water,  but  becomes  soluble  on  the  addition  of  an  acid  or 
an  alkali,  and  is  again  precipitated  by  neutralizing  the  solution,  or 
by  applying  heat.  Carbon  dioxide  precipitates  it  from  a  faintly  alka- 
line solution,  but  redissolves  it  when  added  in  excess.  In  neutral 
solutions  it  is  precipitated  by  the  addition  of  sodium  chloride  or 
magnesium  sulphate  to  saturation,  and  an  instance  has  been  reported 
in  which  sp>ontaneous  crystallization  occurred. 
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Tests  for  Globulin. 

Exactly  neutralize  the  urine  and  filter,  then  add  magnesium  sul- 
phate until  it  will  no  longer  dissolve.  If  globulin  is  present,  a  white 
precipitate  is  formed. 

If  serumalbumin  be  also  present,  it  may  be  detected  after  filtering 
the  specimen  obtained  in  this  test,  then  adding  a  few  drops  of  acetic 
acid  and  applying  heat  to  boiling. 

Daiber,  of  Zurich,  has  recently  described  a  method  of  separat- 
ing globulin  from  urine  containing  also  albumin.  The  method  con- 
sists in  first  removing  the  albumin  with  alcohol  and  filtration,  washing 
the  precipitate  with  tepid  distilled  water,  redissolving  it  with  dilute 
acetic  acid,  freeing  the  solution  from  coloring  matter  with  animal 
charcoal  if  necessary,  rendering  the  filtrate  neutral  or  slightly  alkaline 
with  sodium-carbonate  solution,  then  adding  two  parts  of  a  saturated 
solution  of  ammonium  sulphate.  The  globulin  is  precipitated  in  a 
flaky  deposit,  which  may  be  redissolved  in  a  one-per-cent.  sodium- 
chloride  solution  and  precipitated  by  heat. 

Roberts  has  given  us  an  ingenious  test,  depending  upon  the 
fact  that  globulin  falls  out  of  solution  when  the  specific  gravity  is  re- 
duced to  1.002.  A  wineglass  or  test  tube  is  filled  with  distilled  water 
and  the  urine  is  let  fall  into  it  in  drops.  If  globulin  is  present,  each 
drop  is  followed  by  a  milky  streak  as  it  sinks  through  the  water; 
finally,  if  sufficient  urine  be  added,  the  water  becomes  pervaded  by  a 
milky  opalescence  which  is  removed  by  acetic  acid. 

Proteoses. 

Proteoses,  intermediate  products  in  the  hydration  of  proteids, 
are  formed  within  the  body  by  the  action  of  the  gastric  and  pancreatic 
juices,  and  are  known  as  albumoses,  globuloses,  vitelloses,  caseoses,  or 
myosinoses,  according  to  the  proteid  from  which  they  are  derived. 
There  are  at  least  three  albumoses :  protalbumose,  heteroalbumose, 
and  deuteroalbumose.  These  closely  resemble  one  another,  are  all 
soluble  in  dilute  solutions  of  sodium  chloride  and  all  yield  a  red  color 
to  the  biuret  test.  Protalbumose  and  heteroalbumose  are  primary 
albumoses,  while  deuteroalbumose  is  an  intermediate  product  in  the 
conversion  of  the  primary  albumoses  into  peptone. 

Protalbumose  is  soluble  in  water  and  in  saline  solutions,  and  is 
precipitated  by  saturation  with  sodium  chloride  or  magnesium  sul- 
phate. Heteroalbumose  is  insoluble  in  water,  is  soluble  in  weak 
saline  solutions,  but  is  precipitated  by  heat  (65°  C.)  from  the  saline 
solution,  the  precipitate  being  soluble  in  dilute  acids  and  alkalies ;  it 
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may  be  precipitated  also  by  saturating  with  the  salines,  or  by  a  re- 
moval of  these  salts  by  dialysis,  from  their  solutions.  When  precipi- 
tated by  alcohol,  a  part  is  converted  into  insoluble  dysalbumose. 

Deideroalbumose,  or  hydrated  albumin,  is  soluble  in  water  and 
in  ten-per-cent.  salt  solution,  is  ^precipitated  from  solution  by  treat- 
ment with  strong  ammouium-sulphaie  solution,  but  not  by  sodium 
chloride,  magnesium  sulphate,  or  cupric'  sulphate,  and  yields  the 
characteristic  albumose  reaction  with  nitric  acid  only  in  the  presence 
of  an  excess  of  salt.  It  therefore  resembles  peptone  more  closely 
than  does  any  of  the  other  albumoses. 

The  albumoses  have  been  recognized  in  a  great  number  of  diseases, 
particularly  in  the  infections,  in  osteomalacia,  carcinoma,  tertiary 
syphilis,  diphtheria,  and  hemiplegia. 

Peptone. 

Peptones,  the  final  products  of  peptic  and  pancreatic  digestion  of 
proteids,  i)robably  appear  in  the  urine  only  when  a  peptone  is  pres- 
ent in  the  blood  as  a  result  of  retrogressive  changes  in  the  albu- 
minoids of  the  body  or  in  the  corpuscles  of  the  blood,  but  some 
observers  doubt  that  true  peptone  has  ever  appeared  in  the  urine. 

The  peptones  are  described  as  of  two  kinds :  hemipeptone,  which 
the  pancreatic  juice  converts  into  leucin,  tyrosin,  and  the  like,  and 
antipeptone,  which  is  not  thus  affected  by  the  pancreatic  juice,  does 
not  respond  to  Millon's  reagent,  or  yield  tyrosin  when  treated  with 
sulphuric  acid.  Peptones  are  soluble  in  water,  acids,  alkalies,  and  in 
solutions  of  ammonium  sulphate  and  other  salts ;  they  pass  freely 
through  animal  membranes  by  dialysis;  they  are  not  precipitated  by 
heat,  nitric  acid,  copper  sulphate,  potassium  ferrocyanide,  but  are 
precipitated  by  tannic  acid,  picric  acid,  mercuric  chloride,  and  potas- 
sium-mercuric iodide. 

Peptonuria  is  supposed  to  occur  physiologically  during  the  period 
of  involution  of  the  puerperal  uterus,  and  has  been  described  in  asso- 
ciation with  a  large  number  of  pathological  conditions,  particularly 
in  such  as  denote  a  destructive  metamorphosis  of  tissue,  as  in  phos- 
phorus poisoning,  in  suppurative  diseases,  in  nearly  all  the  acute  and 
chronic  infectious  diseases,  in  cancer,  especially  of  the  stomach,  in- 
testines, or  liver,  in  apoplexy,  etc.,  but  many  early  observations  have 
no  doubt  been  erroneous.  It  has  been  found  occurring  periodically 
in  some  of  these  conditions.  The  occurrence  of  peptonuria  in  in- 
flammatory affections  is  believed  frequently  to  denote  the  superven- 
tion of  suppuration,  and,  according  to  v.  Jaksch,  may  serve  to  differ- 
entiate cerebrospinal  meriingitis  from  tuberculous  meningitis,  being 
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present  only  in  tlie  former.  Harris,  one  of  the  most  recent  writers 
on  tlie  subject,  believes  (American  Journal  of  the  31edical  Sciences, 
May,  1896,  p.  557)  that  nearly  all  observations  on  peptonuria  have 
referred  in  reality  to  albumosuria,  and  that  the  latter  term  should  be 
substituted  for  the  former.  He  attributes  the  presence  of  albumoses 
in  the  urine  to  the  digestive  or  peptonizing  action  of  microbes  on  the 
albumins  of  the  body,  an  action  common  to  all  forms  of  living  or- 
ganisms, and  concludes  that  "  albumosuria  may  be  present  in  any 
condition  or  disease  due  to  the  action  of  micro-organisms  within  the 
body,  and  is  thus  simplj-  indicative  of  an  infective  condition." 

Test  for  Peptone. 

Acidulate  the  urine  with  acetic  acid,  saturate  with  ammonium  sul- 
phate, and  filter  to  remove  possible  albumin,  globulin,  or  albumoses. 
Then  add  picric  acid  or  potassium-mercuric  iodide;  any  precipitate 
resulting  is  supposed  to  be  peptone.  The  method  of  differentiating 
peptone  from  its  analogue,  deuteroalbumose,  is  found  in  their  differ- 
ent reactions  to  ammonium  sulphate  and  nitric  acid.  Peptone  gives 
no  precipitate  with  ammonium  sulphate,  while  deuteroalbumose  is 
precipitated  b}^  saturation  with  it ;  peptone  jdelds  no  precipitate  with 
nitric  acid,  deuteroalbumose  yields  a  precipitate  in  the  presence  of 
a  large  amount  of  sodium  chloride,  the  precipitate  dissolving  on  the 
application  of  heat  and  reappearing  on  cooling. 

Serumalbumin,  serumglobulin,  heteroalbumose,  deuteroalbumose, 
and  peptone  are  all  sometimes,  although  not  often,  present  in  the 
urine  at  the  same  time.  The  best  differential  test,  according  to 
Purdy,  is  that  of  Halliburton,  which  is  as  follows  ("Practical  Ur- 
analysis  and  Urinary  Diagnosis,"  second  edition,  p.  91) : 

"1.  If  the  urine  give  no  precipitate  on  boiling  after  acidulation, 
albumin  and  globulin  are  absent.  If  a  precipitate  occur,  albumin  or 
globulin,  or  both,  are  present. 

"  2,  If  the  urine  after  neutralization  give  no  precipitate  on  satura- 
tion with  magnesium  sulphate,  globulin  and  heteroproteose  are 
absent.     If  such  precipitate  occur,  one  or  the  other  is  present. 

"  3.  If  the  urine  be  saturated  with  ammonium  sulphate  and  fil- 
tered, and  the  filtrate  gives  no  xanthoproteic  or  biuret  reaction  (a 
large  excess  of  potash  must  always  be  added),  peptone  is  absent. 

"  4.  If  the  urine  give  no  precipitate  on  boiling  after  acidulation, 
no  precipitate  with  nitric  acid,  and  no  precipitate  on  adding  ammo- 
nium sulphate  to  saturation,  peptone  can  be  the  only  proteid  present. 
Confirm  this  by  the  biuret  reaction. 

"5.  If  all  proteids  are  present,  they  may  be  separated  as  follows: 
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Saturate   the  urine  (faintl}-  acidified  with  acetic  acid)  with  ammo- 
nium sulphate.     A  precipitate  is  produced.     Filter. 


(a)  Precipitate. 
Contains    albumin,    globulin, 
hetero-  and  deuteroproteose. 


(&)  Filtrate. 
Contains  peptone. 


"Collect  the  precipitate  on  a  filter,  wash  it  with  saturated  solution 
of  ammonium  sulphate,  and  redissolve  it  by  adding  a  small  quantity 
of  water.  To  this  solution  add  ten  times  its  volume  of  alcohol ;  a 
precipitate  is  formed ;  collect  this  and  let  it  stand  in  absolute  alcohol 
for  from  seven  to  fourteen  days.  Then  filter  off  the  alcohol,  dry  the 
precipitate  at  40°  C,  extract  with  water,  and  filter.  An  insoluble 
residue  is  left. 


(a)  Residue. 
This  consists  of  albumin  glob- 
ulin coagulated  by  alcohol. 


(6)  Extract. 

This  consists  of  the  proteoses  in 
solution. 


"  Heteroproteose  is  precipitated  by  heating  the  solution  to  65°  C, 
or  by  saturating  a  portion  of  the  extract  with  magnesium  sulphate. 
Deuteroproteose  remains  in  solution. 

"  Take  another  portion  of  the  urine,  neutralize  it  and  saturate  with 
magnesium  sulphate.     A  precipitate  is  produced.     Filter. 


(a)  Precipitate. 
This  consists  of  globulin  and 
heteroproteose,  which  may 
be  separated  by  the  pro- 
longed use  of  alcohol,  as 
above. 


(b)  Filtrate. 
This  contains  albumin,  deutero- 
proteose, and  peptone.  Add 
alcohol,  as  above;  albumin  is 
rendered,  in  seven  days,  inso- 
luble in  water.  The  deutero- 
proteose and  peptone  are  solu- 
ble, and  may  then  be  separated 
by  ammonium  sulphate." 


HEMOGLOBIN. 

Haemoglobin,  the  red  coloring  matter  of  the  blood  corpuscles,  is  a 
crystalline,  non-diffusible  proteid  containing  iron.  It  may  appear 
in  the  urine  with  or  without  the  accompaniment  of  blood  corpuscles. 
When  it  appears  without  corpuscles,  it  is  as  a  result  of  the  destruc- 
tion of  the  corpuscles  within  the  blood-vessels,  as  sometimes  results 
from  extensive  burns,  poisoning  by  phosphorus,  by  hydrochloric, 
sulphuric,  carbolic,  or  pyrogallic  acid,  by  potassium  chlorate,  ar- 
seniuretted  hydrogen,  or  by  the  injection  of  water,  glycerin,  or  the 
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blood  of  another  animal  into  the  circulation.  It  has  been  attributed 
to  the  ingestion  of  large  doses  of  quinine,  and  is  a  well-known  result 
of  malarial  infection.  It  is  sometimes  seen  in  pyaemia,  typhus  fever, 
scurvy,  fat  embolism,  and  purpura.  Paroxysmal  hsemoglobinuria  is 
a  condition  more  frequent  in  women  than  in  men,  sometimes  occur- 
ring without  other  apparent  cause  than  exposure  or  overexertion.  It 
is  also  a  possible  accompaniment  of  Eaynaud's  disease. 

Tests  for  Hcemoglobin. 

1.  Tlie  Guaiacum  Test. — If  the  urine  to  be  tested  be  alkaline,  it 
must  be  rendered  faintly  acid.  Equal  parts  of  a  freshly  prepared 
tincture  of  guaiacum  and  an  ethereal  solution  of  hydrogen  peroxide, 
or  of  ozonized  turpentine  (turpentine  which  has  stood  for  a  long  time 
exposed  to  the  light  and  air)  are  mixed  in  a  test  tube — the  mixture 
must  not  have  a  blue  color.  Over  this  mixture,  flow  the  urine.  If 
haemoglobin  be  present,  a  bluish-green  color  is  produced  at  the  point 
of  contact,  changing  into  a  beautiful  blue.  On  shaking,  the  blue 
color  extends  to  the  entire  mixture.  The  presence  of  pus  also  pro- 
duces a  blue  color,  but  this  color  disappears  on  boiling  the  mixture, 
and  it  will  be  found  that  the  reaction  occurs  with  the  guaiacum  alone. 

2.  Heller  s  Test. — Render  the  urine  strongly  alkaline  by  the 
addition  of  sodium  hydrate  and  heat  to  boiling.  The  precipitate  of 
earthy  phosphates  will  be  colored  red  by  hgematin.  If  only  a  very 
small  quantity  of  blood  be  present,  the  precipitate  thus  produced  will 
be  dichromic. 

If  the  urine  be  alkaline  in  reaction  and  no  precipitate  is  produced 
by  warming  with  sodium  hydrate,  the  earthy  phosphates  having  been 
previously  precipitated,  the  addition  of  a  few  drops  of  magnesium 
solution  will  produce  an  artificial  precipitate  which,  on  being  warmed, 
will  bring  down  the  haemoglobin. 

3.  The  Hceniin  Test. — Filter  the  urine  containing  the  precipitate 

produced  in  the  last  test,  remove  some  of  the 
precipitate  to  a  microscopic  slide,  and  carefully 
evaporate  it  to  dryness.  Crush  and  rub  into 
this  dry  mass  one  or  two  small  crystals  of 
common  salt,  add  a  drop  of  glacial  acetic 
acid,  cover  with  a  glass  circle,  and  warm 
Fig.  5o.-Haemin  Crystals,  gently  until  Small  bubbles  begin  to^  appear 
under  the  cover.  After  cooling,  haemin  crys- 
tals may  be  seen  with  the  microscope  (Fig.  60). 

4.  Spectroscopic  Examination. — Haemoglobin  may  be  found  in  the 
urine  in  either  of  its  three  forms,  but  particularly  as  haemoglobin  or 
methaemoglobin,  since  haemoglobin  in  acid  urine  changes  to  methae- 
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moglobiu,  returniug  again  to  liaBmoglobin  as  alkaline  fermentation 
becomes  established.  Oxy  haemoglobin  is  produced  by  exposure 
to  the  air.  In  the  spectrum  of  haemoglobin,  we  have  a  broad  baud 
between  D  and  E,  not  reaching  quite  to  E.  Oxyhasmoglobin  yields 
two  bauds,  one  yellow,  the  other  green,  between  I)  and  E.  The  latter 
spectrum  maj^  be  converted  into  the  former  by  the  addition  of  a  little 
ammonium  sulphide  to  the  solution,  thus  reducing  the  ox3'h8emoglo- 
bin.  Methasmoglobin  gives  a  well-defined  red  line  between  C  and  D 
(see  Fig.  37,  p.  '280). 

Fibrin. 

Fibrin,  a  body  which  is  formed  whenever  blood,  lymph,  or  transu- 
dations undergo  spontaneous  coagulation,  may  appear  in  the  urine 
either  in  solution  or  in  flakes  or  in  masses  of  coagula.  "When  very 
abundant,  as  it  may  become  in  chyluria,  fibrin  leads  to  a  complete 
spontaneous  coagulation  of  the  urine  after  it  has  been  voided.  In 
smaller,  yet  considerable  quantity,  as  occurs  in  severe  inflammatory 
conditions  of  the  kidney  or  lower  urinary  passages,  particularly  in 
tumor  of  the  bladder,  only  a  thick,  jelly-like,  ropy  substance  appears 
in  the  urine. 

Tests  for  Fibrin. 

1.  Fibrin  is  not  dissolved  in  water,  swells  up  on  the  addition  of 
hydrochloric  acid,  and  is  dissolved  by  the  addition  of  pepsin  to  the 
acid  fluid,  with  the  aid  of  moderate  heat. 

2.  Separate  some  of  the  gelatinous  substance  by  filtration  through 
fine  muslin.  A  dilute  solution  of  sodium  hydroxid  fails  to  dissolve 
it,  if  it  be  fibrin.  Another  portion  will  completely  dissolve  in  a 
one-per-cent.  solution  of  sodium  carbonate  if  warmed  gently  for  sev- 
eral hours  on  a  water-bath.  Filter  this  solution  and  treat  with  Mil- 
Ion's  reagent,  and  a  deep  red  color  will  be  produced. 

HSIMATOPOEPHYIIIN. 

The  appearance  of  haematoporphyrin  (an  iron-free  haematin)  in 
the  urine  has  been  described  as  found  only  in  women  and  for  the 
most  part  in  those  who  have  more  or  less  continuously  taken  sul- 
phonal.  It  has  since  been  observed,  however,  in  acute  lead  poison- 
ing and  in  a  number  of  other  conditions,  even  in  healthj^  men  and 
women.  Apparently  one  of  the  most  logical  explanations  of  its  oc- 
currence is  given  by  Stockvis,  of  Amsterdam  {Zeitschrift  fur  Jilinische 
Medicin,  Bd.  XX^TII.,  Hefte  1  und  2),  who  attributes  it  to  the  ac- 
tion of  acids  on  blood  which  has  been  effused  into  the  alimentary  tract, 
Vol.  VII.— 46 


722  FRENCH — EXAMINATION  OF  THE   URINE. 

as  a  result  of  sulpbonal  or  other  poisoning.  He  succeeded  in  produc- 
ing lisematoporphyrinuria  in  starving  rabbits  by  feeding  them  with 
beef  or  beef  blood.  The  phenomenon  does  not  occur,  however,  as 
might  be  inferred,  in  all  cases  of  intestinal  hemorrhages.  MacMunn 
classes  urohsematoporphyrin  among  the  coloring  matters. 

The  occurrence  of  hsematorporphyrinuria  is  sometimes  associated 
with  extreme,  even  fatal  exhaustion.  Fatal  cases,  according  to  Priest- 
ley, have  occurred  only  in  women  of  neurotic  type.  When  the  con- 
dition has  once  been  established  by  the  administration  of  sulphonal, 
it  does  not  always  cease  upon  the  withdrawal  of  the  drug.  Stern  has 
described  the  lesions  of  the  kidneys  in  a  fatal  case  as  toxic  nephritis 
with  necrosis  of  the  epithelium  and  hemorrhages  into  the  kidneys. 
The  urine  is  strongly  acid  and  of  a  port-wine  color,  giving  a  red  stain 
to  linen. 

The  formula  for  haematoporphyrin  is  believed  to  be  CieHjgN^Og. 
It  is  similar  to  the  urospectrin  of  Saillet. 

Test 

To  30  c.c.  of  urine  an  alkaline  solution  of  barium  chloride  is 
added.  The  precipitate  is  washed  with  water  and  absolute  alcohol 
and  extracted  with  ordinary  alcohol  acidulated  with  hydrochloric 
acid.  The  solution  has  a  reddish  color  if  haematoporphyrin  be  pres- 
ent, and  its  filtrate  gives  a  characteristic,  four-banded  spectrum,  at 
first  sight  not  unlike  haemoglobin,  but  undergoing  no  change  on  the 
addition  of  such  reducing  agents  as  ammonium  suli)hide.  One  band 
in  the  spectrum  extends  beyond  D  into  the  red,  another  lies  between 
h  and  F,  a  third  between  C  and  D,  and  a  fourth  between  D  and  E, 
nearer  E.  It  has  further  been  noted  in  the  cases  of  Eankin  and  Par- 
dington  (Lancet,  January  24th,  1891,  p.  196)  that  the  addition  of  strong 
sulphuric  acid  brought  out  a  change  of  color,  while  the  spectroscope 
showed  that  the  substance  has  become  changed  into  acid  haematopor- 
phyrin. Neither  haemoglobin,  bile  pigment,  albumin,  nor  sugar  was 
present.  The  odor  of  the  urine  was  that  of  acetone,  and  no  decom- 
position occurred  during  several  months. 

Mucin. 

Mucin  is  believed  by  some  observers  to  be  present  in  small  quan- 
tity in  normal  urine  (see  p.  696),  and  is  doubtless  often  mistaken 
for  albumin.  When  abundant,  it  appears  as  a  ropy,  tenacious  mass, 
resembling  fibrin.  This  occurs  for  the  most  part  in  severe  cystitis 
and  pyelitis.  In  febrile  states,  an  increase  of  mucin  frequently  pre- 
cedes the  appearance  of  albuminuria. 

Mucin  is  soluble  in  alkalies  and  strong  mineral  acids,  but  is  pre- 
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cipitated  by  dilute  mineral  acids,  strong  alcohol,  and  organic  acids 
and  is  not  dissolved  by  an  excess  of  acetic  acid;  it  is  not  coagulated 
by  heat. 

Tests. 

1.  Dilute  the  urine  with  an  equal  volume  of  distilled  water  to  jj re- 
vent  precipitation  of  urates  and  lessen  the  tendency  of  the  chlorides 
to  hold  the  mucin  in  solution;  then  add  an  excess  of  acetic  acid. 
The  resulting  precipitate  is  mucin. 

2.  To  differentiate  between  mucin  and  albumin,  first  api^ly  the 
potassium-ferrocyanide  test,  and  if  no  precipitation  occur  test  by 
the  preceding  method. 

Carbohydrates. 

This  name  has  been  given  to  a  large  number  of  substances  which 
contain  carbon,  with  hydrogen  and  oxygen  in  the  ratio  in  which  they 
exist  in  water.  The  more  commonlj^  encountered  carbohydrates  con- 
tain six  atoms  of  carbon,  or  a  midtiple  of  six,  in  the  molecule.  They 
are  neutral  in  reaction,  slow  to  enter  into  composition,  and,  with  the 
exception  of  inosite,  possess  a  rotatory  power  over  polarized  light. 
Grape  sugar  (glucose  or  dextrose),  l?evulose,  lactose,  and  inosite  are 
the  carbohydrates  most  frequently  found  in  the  urine. 

Glucose. 

Grape  sugar  (CgHj^Oj  probably  exists  in  minute  quantity  in 
normal  urine,  but  must  be  considered  abnormal  when  found  in  suffi- 
cient quantity  to  yield  a  reaction  with  the  tests  ordinarily  employed 
for  its  detection.  Von  Noorden  expresses  doubt  whether  the  slight 
traces  of  sugar  which  are  found  in  normal  urine  pass  through  the 
epithelium  of  the  glomeruli  with  the  aqueous  portion  of  the  urine,  and 
suggests  that  they  may  originate  from  destroyed  epithelial  nuclei,  or 
from  mucin,  since  Kossel  has  demonstrated  that  a  carbohydrate  can 
be  formed  by  the  decomposition  of  nucleoalbumin  or  nuclein,  and 
it  has  been  long  known  that  mucin  contains  a  detachable  molecule  of 
carbon  hydrate. 

Clinical  Significance. — Glycosuria  is  the  cardinal  symptom  of  dia- 
betes mellitus,  but  it  may  occur  as  a  transitory  condition,  or  more 
permanently  in  old  age,  in  obesity,  intermittent  fever,  scarlatina, 
cerebrospinal  meningitis,  cholera,  gout,  and  in  diseases  of  the  lungs, 
liver,  pancreas,  or  brain,  particularly  in  lesions  located  in  the  vicinity 
of  the  fourth  ventricle.  It  is  sometimes  found  in  nervous  conditions, 
as  neurgesthenia,  and  in  recent  cases  of  insanity,  particularly  in  mel- 
ancholia. 


724  TRENCH — EXAMINATION  OF  THE  UEINE. 

Tlie  administration  of  certain  medicines  is  said  sometimes  to  pro- 
duce glycosuria ;  it  at  least  produces  a  condition  of  tlie  urine  wliicli 
causes  a  reduction  of  copper.  TMs  is  claimed  for  curare,  carbonic 
oxide,  amjl  nitrite,  metliyl  delphinin,  morphine,  chloral,  tannic  acid, 
hydrocyanic  acid,  turpentine,  uranium  nitrite,  phenol,  benzol,  ace- 
tone, phloridzin,  and  thyroid  extract  after  continued  use.  If  sugar  be 
ingested  in  quantity  beyond  the  ability  of  the  individual  to  assimilate 
it,  a  portion  of  it  will  be  carried  off  in  the  urine.  It  does  not  neces- 
sarily appear  as  glucose,  however,  but  as  the  kind  of  sugar  which  has 
been  administered.  Yon  Noorden  places  the  normal  limit  of  assimi- 
lation by  a  healthy  person  at  from  200  to  250  gm.  of  grape  sugar,  200 
gm.  of  fruit  sugar,  150  to  200  gm.  of  cane  sugar,  and  120  gm.  of  milk 
sugar.  The  name  alimentary  glycosuria  has  been  given  to  the  ap- 
pearance of  sugar  in  the  urine  thus  produced,  and  v.  Jaksch  has 
applied  this  method  of  producing  it  as  a  test,  administering  100  gm. 
of  grape  sugar ;  if  a  portion  of  it  appears  in  the  urine,  he  considers 
it  an  evidence  of  incipient  diabetes,  or  at  least  of  a  tendency  to  the 
disease;  but  the  test  has  been  found  to  react  also  in  some  cases  of 
cerebral  disease,  in  hysteria,  pregnancy,  atrophic  cirrhosis,  and  phos- 
phorus poisoning. 

Normal  urine  contains  other  substances,  however,  than  sugar, 
which  are  known  collectively  as  "reducing  agents,"  which  are  capable 
of  causing  a  variable  degree  of  reduction  of  cupric  sulphate  in  the 
presence  of  an  alkali.  Chief  among  these  substances  are  uric  acid, 
creatinin,  the  coloring  matters  of  urine,  and  the  bile  pigments.  And, 
on  the  other  hand,  diabetic  urine  sometimes  undergoes  a  change  on 
standing  by  which  urea  is  split  up  into  ammonia  and  carbonic  acid, 
in  quantity  sufficient  to  impair  the  accuracy  of  the  sugar  tests. 

Tests  for  Sugar. 

Detection. — 1.  Trommer's  Test — Several  methods  of  securing 
Trommer's  reaction  are  in  use.  The  older  method  is  as  follows:  (a) 
To  a  small  quantity  of  urine  in  a  test  tube  add  half  as  much  liquor 
potassse  (1:3),  and  to  this  add,  drop  by  drop,  a  solution  of  cupric  sul- 
phate (1 :  10) ,  shaking  after  each  addition,  until  a  clear,  azure  blue 
color  is  produced ;  then  heat  the  mixture  to  boiling.  If  sugar  be  pres- 
ent, a  reduction  of  the  copper  to  cuprous  hydroxide  at  once  begins, 
the  color  changing  first  to  yellow,  and  finally  to  a  red  cuprous 
oxide. 

(b)  To  about  a  drachm  of  the  urine  in  a  test  tube  add  enough 
cupric  sulphate  solution  to  produce  a  light  green  color;  then  add  an 
equal  volume  of  potassium,  or  sodium  hydroxide  solution,  and  shake 
well.     The  color  changes  to  a  deep  blue,  particularly  if  sugar  be  pres- 
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ent.  The  reduction  is  uow  brought  about  by  the  application  of  gen- 
ile  heat.  Boiling  is  unnecessary  and  is  liable  to  i)roduce  reduction 
from  the  presence  of  such  other  substances  as  uric  acid,  hipi:)uric 
acid,  carbolic  acid,  tannic  acid,  or  hypoxanthin,  certain  alkaloids,  or 
glycuronic  acid.  Salkowski  recommends  the  use  of  a  method  prac- 
tically the  same  as  the  last,  using  sodium  hydroxide  solution  of  thirty- 
three  per  cent. 

2.  FeJiUng's  Test. — The  reagents  employed  for  this  test  are  as 
follows : 

(a)  Copper  Solution :  Dissolve  of  pure  crystallized  cupric  sulphate 
34,64  gm.  in  enough  distilled  water  to  make  500  c.c. 

(&)  Kochelle-Salt  Solution:  Dissolve  sodium  hydroxide,  125  gm., 
and  chemically  pure  potassium-sodium  tartrate,  173  gm.,  in  sufficient 
distilled  water  to  make  500  c.c. 

These  solutions  should  be  kept  separately  in  well-stoppered 
bottles;  mixture  of  equal  parts  of  each  at  the  time  of  using  gives 
Fehling's  solution. 

For  qualitative  testing,  about  1  c.c.  of  Fehling's  reagent  is  di- 
luted with  three  or  four  times  as  much  distilled  water  in  a  test  tube 
and  boiled.  If  no  change  of  color  takes  place,  the  urine  is  added, 
drop  by  drop,  until  a  slight  reduction  of  the  copper  occurs,  or  until 
the  quantity  of  added  urine  equals  that  of  the  reagent.  The  mixture 
is  again  heated;  if  sugar  is  present,  a  yellow  color  appears.  If  no 
reduction  occurs,  the  mixture  is  set  aside  for  several  hours,  and  if 
no  reduction  occurs  in  that  time,  sugar  is  not  present. 

This  test  is  one  of  the  most  delicate  as  well  as  one  of  the  most  re- 
liable of  the  copper  tests.  The  objection  usually  made  to  it,  that  the 
solution  does  -  not  keep,  cannot  be  applied  to  the  method  given,  as 
the  solutions  in  separate  bottles  keep  indefinitely.  The  preliminary 
boiling  of  the  solution  gives  ample  protection  against  the  reaction  of 
racemic  acid,  which  sometimes  results  from  a  decomposition  of  potas- 
sium-sodium-tartrate  solution.  The  test  is,  nevertheless,  open  to  the 
objection  that  many  other  substances  cause  a  reduction  almost  identi- 
cal with  that  of  glucose. 

3.  Raines'  Tesf.— This  test  is  recommended  by  Purdy  as  the  best 
copper  test  for  qualitative  analysis.  The  formula  is :  Copper  sul- 
phate thirty  grains,  distilled  water,  half  an  ounce;  make  a  perfect 
solution  and  add  pure  glycerin  half  an  ounce ;  mix  thoroughly  and 
add  five  ounces  of  liquor  potassse.  Take  about  one  drachm  of  this 
solution  in  a  test  tube  and  gently  boil  it;  then  add  six  or  eight 
drachms  (not  more)  of  the  suspected  urine  and  again  gently  boil  it. 
If  sugar  be  present,  a  copious  yellow  or  yellowish-red  precipitate  is 
thrown  down. 
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4.  Elliott's  31etliod.—DY.  A.  E.  Elliott  claims  for  the  following 
modification  of  Fehling's  solution  a  greater  delicacy  than  that  of» 
Haines'  test,  as  well  as  permanency  of  the  solutions.  The  reagents 
are  as  follows:  (a)  Pure  cupric  sulphate,  27  grains;  pure  glycerin, 
3  drachms ;  distilled  water,  2|^  drachms ;  liquor  potassse,  enough  to 
make  4  ounces.  Dissolve  the  cupric  sulphate  in  the  glycerin  and 
water  with  the  aid  of  gentle  heat ;  when  cold,  add  the  liquor  potassse 
and  mix  thoroughly.  (6)  A  saturated  solution  of  chemically  pure 
tartaric  acid  in  distilled  water. 

Into  a  test  tube  pour  a  drachm  of  the  cupric  sulphate  solution  and 
gently  boil.  Then  add  two  or  three  drops — not  more — of  the  tartaric- 
acid  solution  and  boil  again.  Now  add  the  urine,  drop  by  drop, 
boiling  and  shaking  after  each  addition  until  reduction  takes  place  or 
until  eight  drops  of  the  urine  have  been  added.  If  no  reduction  takes 
place,  sugar  is  not  present.  The  end  reaction  is  a  yellowish  or  red- 
dish, sometimes  «i  greenish-gray  deposit. 

5.  Bottger's  Bismuth  Test. — Add  to  the  urine  an  equal  volume  of 
potassium  hydroxide  solution  and  a  little  pure  bismuth  subnitrate, 
then  boil  gently  for  from  one  to  two  minutes.  If  sugar  be  present, 
the  mixture'  turns  gray  or  black,  according  to  the  quantity  present. 
If  the  quantity  be  very  small  the  bismuth  alone  may  become 
darkened,  and  for  this  reason  only  a  fraction  of  a  grain  of  bismuth 
should  be  used,  since  the  reaction  is  more  readily  detected.  Albumin, 
or  other  body  containing  sulphur,  will  produce  the  reaction  and  must 
first  be  removed.  (Never  make  this  or  other  bismuth  test  in  a  tube 
which  has  been  used  for  a  copper  test. ) 

6.  Nylander's  Test. — The  solution  used  in  this  test  is  made  by  dis- 
solving bismuth  subnitrate,  2  gm. ;  sodium-potassium  tartrate,  4  gm. ; 
and  sodium  hydroxide,  8  gm.,  in  100  c.c.  of  distilled  water,  gradually 
added  with  stirring.  After  the  solution  is  complete,  filter.  Add  1 
c.c.  of  this  solution  to  10  c.c.  of  urine  and  boil  for  two  minutes  in 
a  long  test  tube.  If  sugar  be  present,  a  gray  or  black  precipitate 
forms.     Albumin  must  not  be  present. 

7.  Phenylhydrazin  Test. — This  test  is  of  great  value,  since  it  gives 
no  reaction  with  a  large  number  of  substances  which  cause  reduction 
of  the  copper  reagents.  To  25  c.c.  of  urine  in  a  capsule  add  1  gm. 
of  phenylhydrazin  hydrochloride,  0.75  gm.  of  sodium  acetate,  and 
10  c.c.  of  distilled  water.  Warm  the  mixture  on  a  water-bath  for  an 
hour,  remove,  and  let  it  cool.  If  sugar  be  present  a  yellowish  deposit 
is  formed  which  the  microscope  shows  to  consist  of  fine,  brilliant  yel- 
low crystals,  arranged  singly  or  in  stars,  of  phenylglucosazone,  the 
melting  point  of  which  is  204°  C.  (Fig.  51).  Yellow  scales  or  pow- 
erfully refracting  spheres  do  not  denote  the  presence  of  sugar.     (Care 
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must  be  taken  not  to  permit  the  phenylhydrazin  to  come  into  contact 
with  the  fingers.) 

8.  The  Fermentation  Test. — This  test  is  one  of  the  most  positive 
in  its  results,  and  is  generally  used  to  confirm  the  results  of  other  tests. 
It  depends  upon  the  fact  that  glucose  is  acted  upon  by  the  yeast  plant 
to  form  alcohol,  liberating  carbon  dioxide. 

The  simplest  accurate  method  of  performing  the  test  is  by  filling 
a  test  tube  about  half -full  of  mercury,  completely  filling  the  remainder 
of  the  tube  with  the  urine  to  be  tested,  introducing  a  small  piece  of 
compressed  yeast  and  inverting  the  tube  over  a  vessel  of  mercur3^ 
Set  the  tube  in  a  warm  place  for  several   hours.     If  fermentation 


Fig.  51. — Rosette  and  Rays  of  Phenylglucosazone  Crystals. 

occurs,  the  carbonic-acid  gas  will  collect  in  the  upper  end  of  the 
tube.  A  special  apparatus  may  be  purchased,  or  may  be  easily  made 
by  passing  a  doubly  bent  tube  through  a  cork  nearly  to  the  bottom 
of  a  bottle  containing  the  yeast  and  urine,  hermetically  sealing  the 
cork.  If  fermentation  occur,  the  fluid  is  expelled  through  the  tube, 
its  place  being  taken  by  the  liberated  carbonic-acid  gas.  The  only 
precaution  usually  required  in  making  this  test  is  to  perform  a  con- 
trol test,  using  yeast  from  the  same  piece  in  a  tube  of  water,  for  yeast 
sometimes  undergoes  spontaneous  fermentation,  probably  owing  to 
the  presence  of  sugar.  If  this  occurs,  a  difference  in  the  quantity  of 
gas  evolved  may  be  sufficient  to  indicate  the  presence  of  sugar  in  the 
urine.  If  any  doubt  exist  as  to  the  vitality  of  the  yeast,  a  second 
control  may  be  made  with  a  weak  solution  of  glucose. 

It  is  not  necessary  to  boil  the  urine,  as  recommended  b}^  some 
authors,  since  it  rather  increases  the  liability  to  error  by  driving  off 
any  contained  carbonic-acid  gas,  for  urine  is  capable  of  absorbing 
enough  of  this  gas  at  all  times  to  impair  the  accuracy  of  the  fermen- 
tation test.  About  one  per  cent,  of  sugar  is  the  least  that  can  be 
detected  by  this  method.  Some  writers  have  claimed  much  greater 
delicacy  for  it,  evidently  overlooking  the  fact  that  an  equivalent  of 
about  0.5  per  cent,  is  absorbed  by  the  urine. 

9.   The  Heller-Moore  Test. — To  a  little  urine  in  a  test  tube  add  half 
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its  volume  of  sodium  or  potassium  hydroxide  solution  and  heat  to  boil- 
ing; if  the  precipitation  of  earthy  phosphates  is  abundant,  filter. 
As  the  mixture  becomes  hot,  a  light  yellow,  yellowish-brown  or 
brownish-black  color  appears  if  sugar  be  present.  Now  add  a  few 
drops  of  nitric  acid ;  the  color  vanishes  and  an  odor  of  molasses  (car- 
amel) is  given  off.  If  albumin  be  present,  it  must  be  removed  by 
boiling  and  filtration  before  this  test  is  applied.  If  the  urine  is 
highly  colored,  as  is  rarelj^  the  case  with  saccharine  urine,  it  should 
be  decolorized  by  filtration  through  animal  charcoal  or  by  treatment 
with  acetate  of  lead.  Some  sugar  is  removed,  however,  by  this 
means. 

10.  Mulder's  Indigo- Carmine  Test. — Heat  a  solution  of  indigo  car- 
mine, rendered  alkaline  with  sodium  carbonate,  in  a  test  tube,  and 
while  hot  add  a  few  drops  of  the  urine;  a  series  of  colors,  terminat- 
ing in  yellow,  will  be  produced  if  sugar  be  present.  This  test  is 
conveniently  made  with  test  papers  or  compressed  tablets. 

11.  Picric-Acid  Test. — To  a  small  quantity  of  urine  in  a  test  tube 
add  two-thirds  its  volume  of  a  saturated  solution  of  picric  acid  and 
as  much  liquor  potassse.  An  orange  color  results  from  the  incipient 
reducing  action  of  creatinin  on  the  picric  acid.  Turbidity  denotes 
the  presence  of  albumin,  but  does  not  interfere  with  the  test.  Boil 
the  mixture  for  one  minute ;  if  sugar  be  present,  a  deep  mahogany- 
red  color  is  produced,  much  deeper  than  that  which  occurs  in  normal 
urine. 

Quantitative  Determination. — A  reliable  means  of  determining 
the  quantity  of  sugar  discharged  in  the  urine  of  a  diabetic  patient  is 
important,  in  that  it  reveals  the  severity  of  the  case,  modifies  its 
prognosis,  and  shows  the  results  of  treatment. 

1.  Fermentation  Method. — This  is  the  simplest  and  one  of  the  most 
accurate  methods  of  determining  the  quantity  of  sugar  in  the  urine. 
Roberts  has  shown  that,  as  a  result  of  fermentation,  the  urine  loses 
one  degree  of  specific  gravity  for  each  grain  of  sugar  in  the  fluid- 
ounce.  Three  or  four  ounces  of  urine  in  which  sugar  has  been  de- 
tected are  placed  in  a  convenient  bottle  and  a  little  compressed  yeast 
is  added;  the  mouth  of  the  bottle  is  closed  by  a  loose  stopper  or  wad 
of  absorbent  cotton.  The  bottle  is  then  set  aside  in  a  warm  place  for 
about  twenty-four  hours  to  ferment.  Another  bottle  of  the  urine, 
free  from  yeast,  should  be  set  aside  with  it,  in  order  to  avoid  errors 
due  to  temperature,  in  comparing  the  specific  gravity.  When  fer- 
mentation has  ceased,  decant  the  urine  and  take  its  specific  gravity 
and  that  of  the  unfermented  urine;  the  difference  in  degrees  will 
represent  the  quantity  of  sugar  in  each  ounce  of  the  urine,  a  loss  of 
twenty  degrees  of  density  indicating  twenty  grains  of  sugar  in  an 
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ounce  of  the  urine.     The  percentage  maj^  be  aiJi)roximately  obtained 
by  multiplying  this  number  by  0.23. 

E'nihorns  sacchanmeter  is  an  instrument  for  estimating  the  quan- 
tity  of  sugar  from  the  volume  of  carbonic  acid  evolved  in  the  fer- 
mentation. Unfortunately,  no  allowance  is  made  for  the  quantitj'^  of 
gas  absorbed  by  the  urine,  which  is  always  sufficient  to  render  the 
result  inaccurate.  The  urine  is  said  to  absorb  a  volume  of  the  gas 
equal  to  its  own. 

2.  Feliling's  Method. — The  standard  solution  for  quantitative  anal- 
ysis is  thus  prepared:  Pure  crystallized  cupric  sulphate,  34.639  gm. ; 
solution  of  sodium  hydroxide  (of  specific  gravity  1.12),  about  500  c.c. ; 
chemically  pure  neutral  sodium  tartrate,  173  gm.  Dissolve  the  cu- 
pric sulphate  in  100  c.c.  of  distilled  water.  Dissolve  the  sodium  tar- 
trate in  the  sodium-hydroxide  solution  and  add  the  copper  solution 
very  slowly ;  then  add  sufficient  distilled  water  to  make  the  solution 
measure  1,000  c.c.  The  estimation  of  sugar  by  this  method  depends 
upon  the  fact  that  0.05  gm.  of  sugar  is  required  to  reduce  10  c.c.  of 
the  standard  solution. 

Ten  cubic  centimetres  of  the  standard  Fehling's  solution  are 
placed  in  a  flask  and  diluted  with  three  or  four  volumes  of  distilled 
water.  The  urine  to  be  tested  is  diluted  to  a  definite  number  of  times 
its  volume  with  distilled  water,  usually  to  ten  volumes,  unless  the 
quantity  of  sugar  be  very  small,  when  dilution  to  five  volumes  is 
sufficient.  A  burette  is  now  filled  with  the  diluted  urine ;  the  Feh- 
ling's solution  in  the  flask  is  heated  to  boiling  and  the  urine  is  added 
in  successive  small  quantities  until  the  blue  color  has  entirely  disap- 
peared. The  mixture  must  be  boiled  and  allowed  to  settle  for  a  few 
minutes  after  each  addition  of  the  urine,  in  order  that  any  blue  color 
remaining  may  be  recognized.  When  the  blue  color  has  disappeared, 
the  quantity  of  diluted  urine  that  has  been  used  is  read  from  the 
burette  scale  and  the  calculation  is  made.  If,  for  example,  10  c.c.  of 
the  diluted  urine  (representing  1  c.c.  of  the  urine)  were  required  to 
reduce  10  c.c.  of  the  Fehling's  solution,  100  c.c.  of  the  urine  would 
contain  5  gm.  of  sugar,  or  five  per  cent. 

3.  Privy's  Modification. — Pavy  improved  the  Fehling's  solution  by 
adding  ammonia  to  the  formula,  rendering  the  determination  of  the 
end  result  much  easier;  but  since  the  chief  objection  to  the  Fehling 
method  lies  in  the  instability  of  the  sodium  tartrate,  his  method  is 
still  open  to  objection. 

The  standard  solution  is  prepared  by  dissolving  20.4  gm.  each  of 
potassium-sodium  tartrate  and  potassium  hydroxide  in  about  100  c.c. 
of  distilled  water,  and  4.158  gm.  of  cupric  sulphate  in  a  like  quantity 
of  water,  with  the  aid  of  heat,  and  pouring  the  latter  solution  into  the 
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former.  Wlieu  cold,  300  c.c.  of  ammonia  (specific  gravity,  0.88)  are 
added,  and  sufficient  water  to  make  1,000  c.c.  The  metliod  of  titra- 
tioD  is  practically  tlie  same  as  tliat  just  described;  each  cubic  centi- 
metre of  the  reagent  representing  5  mgm.  of  sugar. 

4.  Purely' s  JletJiod. — Purdy  has  undoubtedly  given  us  the  best 
modification  of  the  Fehling  method  that  has  yet  been  proposed,  in 
that  he  makes  use  of  Pavy's  improvement  by  the  addition  of  ammonia 
and  avoids  the  use  of  the  unstable  sodium  tartrate.  Its  advantages 
are  thus  stated  by  the  author,  "1.  Its  perfect  end  reaction,  whereby 
even  the  inexperienced  observer  may  accurately  determine  the  precise 
point  of  complete  reduction  without  delay.  2.  Its  stability,  which  is 
such  that  the  solution  may  be  kept  on  hand  for  months  without  im- 
pairment of  its  qualities  for  testing.  3.  Its  rapidity  of  application, 
by  means  of  which  one  is  enabled  to  determine  the  quantity  of  sugar 
in  a  given  sample  of  urine  within  five  minutes.  4.  Its  accuracy, 
which  any  one  may  readily  prove  by  submitting  it  to  solutions  of 
grape  sugar  in  normal  urine  of  known  and  accurately'  measured 
strength.  5.  Its  simplicity,  the  apparatus  required  being  of  the 
most  common  order." 

The  formula  for  Purdy 's  standard  solution  is:  Cupric  sulphate 
(C.  P.),  4.742  gm. ;  potassium  hydroxide  (caustic  potash)  (C.P.),  23.50 
gm. ;  strong  ammonia  (U.  S.  Ph.)  (specific  gravity,  0.9),  450  c.c. ; 
glycerin  (C.P.),  38  c.c. ;  distilled  water,  to  make  1,000  c.c.  Dissolve 
the  cupric  sulphate  and  glycerin  in  200  c.c.  of  distilled  water,  with 
the  aid  of  gentle  heat.  In  another  200  c.c.  of  distilled  water,  dissolve 
the  potassium  hydrate.  Mix  the  two  solutions  and,  when  cold,  add 
the  ammonia.  Finally,  with  distilled  water,  bring  the  volume  of  the 
whole  to  exactly  1,000  c.c.  Thirty -five  c.c.  of  this  solution  are  re- 
duced, upon  boiling,  by  exactly  2  cgm.  (0.02)  of  grape  sugar.  The 
analysis  requires  a  glass  flask  of  150  to  200  c.c.  capacity,  a  common 
retort  stand,  a  10  or  a  20  c.c.  graduated  burette,  and  a  large  spirit 
lamp.     Proceed  as  follows : 

Measure  exactly  35  c.c.  of  the  test  solution  into  the  flask,  dilute  it 
with  about  two  volumes  of  distilled  water,  and  bring  the  whole 
thoroughly  to  the  boiling  point.  Fill  the  burette  to  the  zero  mark 
with  the  urine  to  be  tested,  and  slowly  discharge  the  urine  into  the 
test  solution,  drop  by  drop,  until  the  blue  color  begins  to  fade,  then 
still  more  slowly  (three  to  five  seconds  elapsing  after  each  drop),  until 
the  blue  color  completely  disappears  and  leaves  the  test  solution  per- 
fectly transparent  and  colorless.  (A  return  of  the  blue  color  after 
standing  some  time  is  due  to  the  absorption  of  oxygen  from  the  air 
and  has  no  bearing  on  the  test.)  The  percentage  table  of  results  is 
as  follows:     If  the  35  c.c.  of  test  solution  were  reduced  by  2  c.c.  of 


CHEMICAL  PKOPERTIES.  731 

urine,  the  latter  contained  exactly  1  per  cent,  of  sugar;  if  reduced 
by  1  C.C.,  2  per  cent,  of  sugar;  if  by  0.75  c.c,  3  per  cent.;  if  by  0.5 
C.C.,  4  per  cent. ;  if  by  0.25  c.c,  8  per  cent.  The  accurate  application 
of  the  test  is  less  difficult,  if  the  urine  be  diluted  with  two  volumes  of 
water,  and  the  result  multiplied  by  3,  unless  the  percentage  of  sugar 
is  very  low. 

5.  Folariscopic  3fethod. — The  ijolariscope  probably  affords  the 
most  accurate  means  of  determining  the  percentage  of  sugar  in  the 
urine,  providing  the  quantity  exceeds  one  per  cent.  Unfortunately 
the  instrument  is  an  expensive  one  and  requires  some  practice  before 
satisfactory  results  can  be  obtained  from  it.  Its  use  depends  upon 
the  fact  that  glucose  has  a  dextrorotatory  power  over  light,  the 
degree  of  rotation  corresponding  to  the  quantity  of  sugar  present  in 
the  solution  through  which  the  light  is  passed.  If  the  urine  contain 
albumin,  this  must  be  removed;  if  it  be  high-colored,  it  must  be 
clarified  by  passage  through  animal  charcoal,  or  by  precipitation  with 
basic  lead  acetate  (1 :  10) . 

To  use  the  instrument,  the  tube  is  filled  with  urine  and  it  is  set  in 
position  between  the  polarizer  and  the  analyzer.  The  polarizer  is 
then  so  adjusted  by  means  of  a  screw  that  both  sides  of  the  field  are 
equally  illuminated.  The  degree  of  rotation  produced  by  the  pas- 
sage of  the  light  through  the  solution  is  measured  on  a  scale,  from 
which  the  quantity  of  sugar  present  is  calculated.  On  some  polari- 
scopes  (as  the  Soleil-Yeutzke)  the  scale  is  made  to  indicate  percent- 
ages, on  others  a  calculation  must  be  made.  In  Laurent's  polari- 
scope,  probably  the  best  instrument,  the  number  of  degrees  of 
dextrorotation  must  be  multiplied  by  0.2051  to  ascertain  the  percent- 
age of  glucose. 

Ultzmann  has  devised  a  polariscope  which  can  be  adjusted  to  the 
stand  of  a  microscope  after  removal  of  the  ocular  and  objective.  It 
possesses  nearly  all  the  advantages  of  the  larger  instrument  and  is 
much  cheaper. 

Cane  sugar  and  milk  sugar  cause  dextrorotation  also.  The  de- 
grees of  rotation  are,  for  glucose  +53.1°,  for  lactose  +59.3°,  and  for 
cane  sugar  +73.8°.  Levulose  and  albumin  rotate  the  rays  of  light 
to  the  left.  The  presence  of  albumin  reduces  the  degree  of  dextro- 
rotation produced  by  glucose ;  it  should  be  removed  by  ten-per-cent. 
lead-acetate  solution.  Hydroxybutyric  acid  may  also  cause  confu- 
sion (see  p.  744). 

Inosite. 

Inosite  (CeHj^OJ,  or  muscle  sugar,  is  a  crystalline  body  form- 
ing large,  colorless,  monobasic,  efflorescent  prisms,  soluble  in  warm 
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water,  insoluble  in  alcoliol  and  ether,  xllthough  cheniically  identi- 
cal with  grape  sugar,  it  does  not  reduce  copper  sulphate  in  the  pres- 
ence of  an  alkali,  giving  only  a  greenish  color  on  boiling  ■with  the  cop- 
per reagents,  the  color  vanishing  on  cooling  to  reappear  on  boiling ;  it 
does  not  undergo  alcoholic  fermentation  and  causes  no  rotation  of 
polarized  light. 

Clinical  Significance. — Inosituria  is  frequently  associated  with 
glycosuria  in  diabetes  and  occasionally  accompanies  albuminuria. 
It  has  been  observed  also  in  typhus,  tuberculosis,  and  syphilis,  and, 
according  to  Ealfe,  as  an  independent  affection,  characterized  by 
malaise,  aching  of  the  limbs,  and  moderate  polyuria. 

Tests. 

1.  Evaporate  the  solution  containing  inosite  with  a  little  nitric 
acid  on  platinum  almost  to  di'yness,  add  a  little  ammonia  and  calcium 
chloride  solution,  and  again  evaporate  carefully  to  dryness ;  a  brilliant 
rose-red  or  violet  color  will  be  produced.  Other  sugars  do  not  give 
this  reaction. 

2.  The  following  solution  must  be  prepared:  Dissolve  one  pari;  of 
mercury  in  two  parts  of  nitric  acid,  evaporate  to  one-haK  its  volume, 
and  add  one  and  one-half  parts  of  distilled  water.  Allow  this  to  stand 
for  twenty -four  hours  and  pour  the  clear  fluid  from  the  salt.  If  a 
little  of  this  solution  be  added  to  a  solution  containing  inosite  on  a 
porcelain  dish,  a  yellow  precipitate  is  formed;  and  if  this  be  heated, 
it  becomes  red,  the  color  vanishing  on  cooling,  to  return  on  being 
reheated.  Albumin  gives  a  red  color  with  this  test,  and  should 
therefore  be  first  removed ;  grape  sugar  gives  a  black  color  reaction. 
Few,  if  any,  other  substances  react  in  a  way  to  cause  error  with  this 
test. 

3.  Inosite  may  be  obtained  from  the  urine  in  the  following  manner : 
All  albumin  that  may  be  present  is  fij.'st  removed ;  the  urine  is  then 
treated  with  neutral  plumbic  acetate  so  long  as  a  precipitate  is  pro- 
duced. It  is  then  filtered  and  the  filtrate  is  treated  with  subacetate- 
of-lead  solution  until  precipitation  ceases.  It  is  recommended  to 
concentrate  the  urine  to  one-fourth  its  volume  before  precipitation. 
After  twelve  hours  the  lead  precipitate  is  collected,  washed,  sus- 
pended in  water,  and  decomposed  with  hydrogen  sulphide.  After 
standing  a  while,  a  little  uric  acid  separates  and  should  be  removed 
by  filtration.  The  filti-ate  is  then  concentrated  by  boiling  and  treated, 
while  boiling,  with  three  or  four  times  its  volume  of  alcohol.  If  the 
resultant  precipitate  be  heavy  and  adherent  to  the  glass,  the  alcohol 
is  poured  off;  if  it  be  non-adherent,  it  is  separated  by  filtration 
through  a  heated  funnel  and  allowed  to  cool.     If  after  twenty-four 
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hours  iuosite  crystals  appear,  they  are  separated  by  filtration  and 
washed  with  a  little  cold  alcohol.  If  no  crystals  appear,  ether  is 
added  to  an  alcoholic  filtrate  until  a  milky  cloudiness  results  after 
standing,  and  this  is  allowed  to  stand  in  a  cold  place  for  twenty-four 
hours.  Nearly  all  the  iuosite  will  be  thus  separated  in  shining, 
pearly  leaflets,  unless  too  little  ether  has  been  used. 

Lactose. 

Lactose,  or  milk  sugar  {C^^'H.^^O^^),  crystallizes  in  white,  rhombic 
prisms,  soluble  in  six  parts  of  cold  water  or  in  two  and  one-half 
parts  of  hot  water,  but  insoluble  in  ether  or  alcohol.  In  aqueous 
solution  it  possesses  dextrorotatory  power  of  59.3°,  and  reduces 
cojjper  salts  on  boiling  in  alkaline  solution,  but  it  does  not  readily 
undergo  alcoholic  fermentation.  After  prolonged  boiling  with  dilute 
acids  it  forms  galactose,  which,  when  treated  with  nitric  acid,  yields 
mucic  acid. 

Lactose  sometimes  occurs  in  small  quantity'  in  the  urine  of  nurs- 
ing women ;  it  io  generally  present  in  the  urine  two  or  three  da^s 
after  confinement,  just  befoi;p  mammary  secretion  becomes  estab- 
lished, and  again  a  day  or  two  after  weaning.  Inflammation  of  the 
mammary  glands,  by  preventing  the  escape  of  milk,  may  produce 
lactosuria. 

Test. 

If  it  be  found,  under  the  circumstances  just  referred  to,  that  the 
urine  reacts  to  the  sugar  tests,  and  at  the  same  time  produces  strong 
dextrorotation  of  light,  lactose  is  probably  present.  This  may  be 
confirmed,  first,  in  a  measure,  by  the  tardy  action  of  the  fermentation 
test  or  by  its  failure,  and  second,  by  treating  the  urine  with  lead 
acetate,  filtering,  and  adding  ammonia  to  the  filtrate  until  a  permanent 
precipitate  is  produced;  then  heating  the  fluid  without  boiling  it, 
and  if  a  rose-red  color,  which  is  characteristic  of  glucose,  does  not 
develop,  lactose  is  present. 

Levulose. 

Levulose,  or  fruit  sugar  (C5Hj„05),  is  a  non-cry stallizable  body 
found  in  the  urine,  alone  or  more  usually  in  association  with  glucose, 
and  attended  by  the  other  symptoms  of  diabetes.  It  responds  to  the 
copper  tests  for  glucose,  and  yields  the  characteristic  yellow  crystals 
with  the  phenylhydrazin  test,  but  the  crystals  melt  at  150°  C,  while 
those  of  phenylglucosazone  fuse  only  at  204°  C.  An  aqueous  solu- 
tion of  levulose  causes  rotation  of  polarized  light  to  the  left. 

From  the  fact  that  dilute  mineral  acids  convert  cane  sugar  into 
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equal  parts  of  dexti-ose  and  levulose,  it  lias  been  inferred  that  the 
latter  body  maj'  result  from  an  excessive  ingestion  of  cane  sugar,  as 
well  as  from  tlie  sugar  of  fruits,  the  splitting  up  of  the  cane  sugar 
taking  place  in  the  intestines. 

Test. 

If  the  urine  gives  the  reactions  of  glucose  in  the  copper  and  phe- 
nylhydrazin  tests,  but  rotates  polarized  light  to  the  left,  levulose  is 
probably  present.  The  difference  in  the  melting  point  of  the  crys- 
tals may  be  tested.  If  albumin  and  other  bodies  which  rotate  light 
to  the  left  be  excluded,  the  presence  of  levulose  may  be  considered 
established. 

Cane  Sugar. 

Saccharose,  or  cane  sugar  (C,„Hj„0„),  is  occasionally  found  in 
the  urine,  supposedly  as  a  result  of  the  free  ingestion  of  saccharine 
matter. 

Test. 

Cane  sugar  in  solution  is  strongly  dextrorotatory  (73.8°),  but 
it  does  not  respond  to  the  copper  tests.  If,  however,  a  solution  of 
cane  sugar  be  boiled  for  some  time,  especially  if  in  the  presence  of 
a  dilute  mineral  acid,  it  becomes  convei-ted  into  dextrose  and  levulose, 
both  of  which  substances  reduce  the  copper  salts,  and  cause  levoro- 
tation  of  light. 

Maltose. 

Maltose,  which  is  chemically  identical  with  cane  sugar,  is  pos- 
sibly at  times  found  in  the  urine,  as  in  a  reported  case  of  atrophy  of 
the  pancreas.  It,  with  dextrin,  is  formed  by  the  action  of  the  dias- 
tatic  ferment,  or  by  that  of  dilute  acids  on  starch.  Like  cane  sugar, 
it  is  strongly  dextrorotatory.  With  diastase,  it  is  an  end  product, 
but  by  the  continued  action  of  the  acid  it  becomes  further  changed 
into  dextrose.  Boiling  the  urine  with  sulphuric  acid  is  believed  by 
V.  Jaksch  to  increase  its  reducing  power  if  maltose  be  present.  With 
the  phenylhydrazin  test,  crystals  are  formed  (maltosazone)  resem- 
bling those  of  glucosazone,  but  melting  at  from  190""  to  191°  C. 

Pentose. 

Salkowski  first  called  attention  to  the  subject  of  pentosuria  in 
1892,  and  has  recently  reported  three  cases  in  which  he  made  a 
thorough  investigation  of  it  and  the  means  for  its  detection. 

Pentose  is  a  sugar-like  carbohydrate,  having  five  atoms  of  carbon. 
To  the  phenylhydrazin  test  for  glucose  it  vields  readilv  citron-vel- 
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low  crystals  .whose  melting  point  is  159 '  C.  These  phenyli^entosa- 
zone  crystals  are  soluble  in  hot  water,  insoluble  or  but  slightly 
soluble  in  cold  water,  thus  differing  from  ijhenylglucosazone. 

The  urine  in  which  pentose  was  found  was  invariably  of  normal 
yellow  color,  clear,  free  horn  sediment,  without  albumin  or  ferment- 
able sugar,  and  was  optically  inactive.  Upon  the  application  of  the 
ordinary  tests  for  sugar,  however,  its  behavior  was  such  as  to  excite 
suspicion  of  the  presence  of  sugar,  although  none  of  the  tests  pro- 
duced an  altogether  typical  reaction.    Polarization  resulted  negatively . 

Tests. 

Salkowski's  3IetJiod. — Take  from  200  to  500  c.c.  of  urine,  and  for 
each  100  c.c.  2.5  gm.  of  phenylhydrazin  (not  the  hydrochloride). 
Dissolve  the  phenylhydrazin  in  enough  acetic  acid  to  give  a  distinct- 
ly acid  solution.  Add  this  solution  to  the  urine  in  a  beaker  and  heat 
the  mixture  on  a  wire  net  over  the  flame  until  it  commences  to  boil. 
Then  place  the  beaker  on  a  water-bath  containing  hot  water  and  allow 
it  to  remain  for  from  an  hour  to  an  hour  and  a  quarter.  Kemove  the 
beaker,  and  set  it  aside  until  the  next  day  to  permit  spontaneous 
crj'stallization  to  occur,  or  this  result  may  be  hastened  by  immersing 
the  beaker  in  cold  water.  The  hot  solution  has  a  brown  color  and 
may  contain  a  few  brownish  flocculent  particles,  but  as  crystallization 
reaches  maturity  the  flask  becomes  filled  with  a  jelly-like  mass  of 
fine  yellow  needles.  If  pentose  be  absent,  no  crystallization  will  take 
place — only  a  brown  granular  sediment. 

The  crystals  may  now  be  filtered  out,  washed  with  cold  water,  and 
partially  dried  on  filter  paper,  redissolved  in  hot  water,  or  better,  in 
hot  water  to  which  alcohol  has  been  added.  TJi)on  cooling  this  solu- 
tion, the  phenylpentosazone  separates  in  sparkling  yellow  crj-stals 
which  when  dried  will  show  a  melting  point  at  159°  C.  If  impure, 
however,  they  may  melt  at  156°  C. 

Tollens'  Beaction. — To  5  or  6  c.c.  of  fuming  hydrochloric  acid 
add  a  few  more  crystals  of  phloroglucin  than  can  be  dissolved  with- 
out the  aid  of  heat ;  divide  the  solution  into  two  equal  parts  and 
allow  it  to  cool.  To  one  portion,  in  a  test  tube,  add  about  0.5  c.c.  of 
the  urine,  which  should  be  previously  concentrated,  and  to  the  other 
portion  add  a  like  quantity  of  normal  urine  of  the  same  concentra- 
tion. Then  place  the  tubes  in  a  beaker  containing  boiling  water.  If 
pentose  be  present,  there  appears  after  a  few  seconds,  in  the  upper 
stratum  of  the  urine,  a  deep  red  color,  which  gradually  extends  to 
the  underlying  fluid,  while  the  normal  urine  shows  very  little  or  no 
change  of  color.  The  test  tubes  must  be  removed  from  the  warm 
water  as  soon  as  the  change  of  color  commences,  in  order  to  get  a  pure 
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reaction  and   to  prevent  possible   confusion  by  the  action  of  the 
hydrochloric  acid  on  glucose,  if  this  be  also  present. 

Clinical  Significance. — This  has  not  been  positively  determined; 
in  fact,  pentose  cannot  be  definitely  classed  as  an  abnormal  constitu- 
ent of  the  urine ;  but  Salkowski  suggests  the  propriety  of  testing  for 
it  in  all  cases  of  neurasthenia,  or  whenever  the  urine  is  greatly  re- 
duced. No  definite  relation  could  be  determined  between  pentosuria 
and  glycosuria,  but  Blumenthal  has  expressed  the  opinion  that  pen- 
tosuria may  be  a  forerunner  of  glycosuria,  or  that  the  two  conditions 
may  occur  alternately  in  the  same  subject. 

Glycueonic  Acid  (CJI.^O,). 

Glycuronic  acid  occurs  in  the  urine  in  combination  with  potassium 
under  the  formula,  CjH<,KO,.  Although  clearly  related  to  the  car- 
bohydrates, particularly  to  dextrose  and  inosite,  from  one  or  both  of 
which  it  is  probably  derived  in  the  organism,  it  shows  also  a  relation 
to  the  aldehyde  group  by  forming  a  combination  with  urea  to  form 
decomposition  products  of  the  aromatic  series. 

The  chief  importance  of  glycuronic  acid  in  urinary  analysis  lies 
in  the  fact  that  it  is  of  all  substances  the  most  likely  to  be  mistaken 
for  glucose,  yielding  characteristic  reactions  to  the  copper,  silver, 
and  mercury  tests,  and  rotating  polarized  light  to  the  right.  It  oc- 
curs in  the  urine  of  a  healthy  person  after  the  administration  of  such 
drugs  as  chloral  hydrate,  butyl  chloral,  nitrobenzol,  curare,  camphor, 
morphine,  and  chloroform.  This  fact  is  probably  the  explanation  of 
the  belief  that  the  administration  of  these  substances  may  produce 
glycosuria,  to  which  reference  has  been  made. 

Tests. 

If  the  urine  reacts  to  the  copper  tests  and  has  the  power  of  dextro- 
rotation of  polarized  light,  but  fails  to  undergo  alcoholic  fermentation 
with  yeast,  the  presence  of  glycuronic  acid  is  indicated. 

Schmiedeberg  and  Mayer  have  obtained  glycuronic  acid  from 
the  urine  by  the  following  method :  A  large  quantity  of  urine  is  de- 
colorized with  animal  charcoal,  evaporated  to  a  syrupy  consistence, 
and  digested  with  damp  barium  hydrate  with  moderate  heat  over  a 
water-bath.  It  is  then  extracted  with  absolute  alcohol,  which  leaves 
the  glycuronic  acid  and  other  substances  undissolved.  The  residue  is 
then  mixed  with  water  and  filtered,  and  barium  hydrate  is  added  to  the 
filtrate ;  it  is  again  filtered  and  the  filtrate  is  evaporated  over  a  water- 
bath.  A  barium  compound  now  separates,  which  is  washed  with 
water  and  decomposed  with  sulphuric  acid.     The  barium  sulphate  is 
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now  removed  by  filtration;  the  filtrate  is  evaporated  and  dried  in 
vacuo,  the  resulting  crystals  being  glycuronic  anhydride. 

Glycogen. 

This  substance,  normally  present  in  the  liver,  muscles,  blood  cor- 
puscles, cartilage  cells,  pus  corpuscles,  the  placenta,  and  in  embryonic 
tissues,  may  be  detected  in  the  urine  in  certain  diabetic  conditions.  It 
is  strongly  dextrorotatory  (=  +  211°),  but  does  not  react  to  the  cop- 
per tests.  With  iodine  it  gives  a  port-wine  color  which  disappears 
on  being  heated  and  returns  on  cooling. 

Acetone. 

Acetone  (CgH^O)  is  a  watery,  colorless  liquid  of  ethereal  odor, 
resembling  alcohol  in  specific  gravity  and  boiling  at  56.5°  C.  It  may 
be  obtained  by  distillation  from  diabetic  urine,  sometimes  from  the 
urine  of  healthy  children. 

Pathologically,  acetonuria  may  be  produced  by  excessive  ingestion 
of  animal  food;  it  is  found  in  the  urine  of  many  diabetics,  particu- 
larly when  the  disease  is  advanced.  It  may  arise  from  disordered 
states  of  the  digestive  organs  and  is  often  associated  with  malignant 
disease,  especially  cancer,  or  with  the  state  of  marasmus  following 
disease,  or  starvation,  or  with  psychoses.  It  is  quite  constantly  as- 
sociated with  febrile  states  independently  of  any  particular  infection, 
but  corresponding  as  a  rule  to  the  degree  of  pyrexia.  Becker  has 
found  acetonuria  of  several  days'  duration  coming  on  several  hours 
after  anaesthesia  in  two-thirds  of  a  large  number  of  cases,  and  seem- 
ingly without  relation  to  the  kind  of  anaesthetic  agent  that  had  been 
employed. 

A  condition  of  acetone  autointoxication  has  been  described,  the 
manifestations  of  which  were  restlessness,  even  delirium,  rarely  if 
ever  terminating  in  coma,  but  occurring,  it  might  be,  as  a  forerunner 
of  fatal  diaceturia. 

Tests. 

1.  Iodoform  Test. — Ealfe  devised  the  following  modification  of  the 
Lieben  test :  Dissolve  twenty  grains  of  potassium  iodide  in  a  drachm 
of  liquor  potassse  and  boil.  Apply  the  test  by  the  contact  method, 
gently  flowing  the  urine  upon  the  surface  of  the  solution.  At  the 
point  of  contact  a  precipitation  of  phosphates  occurs ;  if  acetone  be 
present,  this  cloud  becomes  yellow  from  a  studding  with  minute 
clusters  of  iodoform  crystals.  The  test  may  be  used  with  greater 
delicacy  by  first  distilling  the  urine  and  using  the  distillate. 
Vol.  VII. —47 
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2.  Chautard's  Test. — A  drop  of  an  aqueous  solution  of  magenta 
decolorized  with  sulphuric  acid  gives  a  violet  color  with  fluids  con- 
taining more  than  0.01  per  cent,  of  acetone.  Five  minutes  may  be 
required  to  bring  out  the  reaction  in  dilute  solutions. 

3.  Le  Noble  s  Test. — Prepare  a  solution  of  sodium  nitroprusside, 
so  dilute  as  to  have  only  a  pale  red  color  (not  exceeding  one  per  cent.). 
To  this  add  an  equal  volume  of  the  urine  and  a  little  ammonia ;  if 
acetone  be  present,  a  ruby  red  color  is  produced,  varying  in  intensity 
with  the  quantity  of  acetone  present,  and  soon  changing  to  yellow,  or 
to  a  greenish-blue  or  violet  if  an  acid  be  added,  or  if  the  mixture  be 
boiled. 

4.  Baeyers  Test. — Dissolve  a  few  crystals  of  meta-nitrobenzal- 
denyde  in  the  urine,  with  the  aid  of  heat;  on  cooling,  the  aldehyde 
separates  in  the  form  of  a  white  cloud.  Add  sufficient  dilute  sodium 
solution  to  render  the  mixture  alkaline;  if  acetone  be  present,  a  yel- 
low color  appears,  changing  into  green,  then  into  indigo  blue  within 
ten  minutes. 

5.  Beynolds'  Test. — This  test  is  based  on  the  power  of  acetone  to 
promote  solution  of  mercuric  oxide.  The  method  is  as  follows :  Yel- 
low mercuric  oxide,  freshly  precipitated  by  the  reaction  between  mer- 
curic chloride  and  an  alcoholic  potassium-hydroxide  solution,  is  added 
to  a  small  quantity  of  the  urine,  the  mixture  is  shaken  and  filtered. 
To  the  clear  filtrate  ammonium  sulphate  is  then  carefully  added;  if 
acetone  be  present,  some  of  the  mercuric  oxide  has  been  dissolved 
and  a  black  ring  of  mercuric  sulphide  appears  at  the  plane  of  contact 
between  the  two  fluids. 

DiACETic  Acid. 

Diaeetic  acid,  or  ethyldiacetic  acid  (C.Hj^Og)  is  frequently  mis- 
taken for  acetone.  It  is  a  colorless,  acid  liquid,  miscible  in  all  pro- 
portions with  water,  alcohol,  and  ether.  The  aqueous  solution  is 
decomposed  by  heat  into  acetone  and  carbon  dioxide.  Under  the  in- 
fluence of  alkalies,  diaeetic  acid  takes  up  water  and  splits  into  acetone, 
alcohol,  and  carbon  dioxide.  With  ferric  chloride  it  gives  a  violet-red 
or  mahogany  color,  thus  differing  from  acetone ;  the  color  markedly 
decreases  in  twenty-four  hours  or  upon  boiling,  thus  differing  from 
acetic  acid,  salicylic  acid,  antipyrin,  phenol,  sulphocyanides,  and 
some  other  substances.  It  is  supposed  to  originate  from  the  decom- 
position of  sodium  diacetate  in  the  blood;  Halliburton,  however, 
attributes  it  to  hydroxybut^^ric  acid. 

Diaceturia  is  always  pathological  and  is  always  of  serious  moment, 
but  is  least  serious  when  it  occurs  in  the  febrile  conditions  of  children. 
In  diabetes   it   occurs  especially  in   young  subjects,  and  at  a  late 
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period  of  tlie  disease.  It  is  usually  a  precursor  or  an  accompaniment 
of  the  fatal  coma,  if,  indeed,  the  diaceteemia  does  not  induce  the 
coma.  It  occurs  sometimes  also  at  the  height  of  acute  fevers,  shortly 
before  death. 

Diacetsemia,  recognized  by  vomiting,  dyspnoea,  jactitations,  and 
diaceturia,  has  been  observed  as  an  autointoxication,  most  cases 
rapidly  passing  into  a  fatal  coma  without  other  discoverable  disease. 

Test. 

Von  JaTiscli's  Method. — To  some  recently  voided  urine  add  a  few 
drops  of  ferric-chloride  solution.  If  the  phosphates  are  precipitated, 
remove  them  by  filtration,  and  to  the  filtrate  add  a  few  drops  more  of 
the  ferric-chloride  solution.  If  a  red  color  is  produced  boil  a  portion 
of  the  urine,  and  to  another  portion  add  a  few  drops  of  sulphuric 
acid  and  shake  with  ether.  If  diacetic  acid  be  present,  the  red  color 
will  appear  but  faintly  in  the  boiled  portion,  it  will  grow  pale  in  the 
ethereal  mixture  during  the  course  of  twenty-four  hours,  and  acetone 
wiU  be  found  abundant  in  a  distillate  of  the  urine. 

Bile. 

Either  the  acids  or  the  coloring  matters  of  the  bile  may  be  found 
in  the  urine,  separately  or  together. 

The  Bile  Acids. 

Although  it  is  probable  that  exceedingly  small  traces  of  the  bile 
acids  exist  in  normal  urine  (Oliver  estimates  the  quantity  as  1  part  in 
from  10,000  to  15,000  parts  of  urine),  it  is  seldom  that  they  are  found 
in  appreciable  quantity.  Pathologically,  however,  they  may  be  found 
associated  with  the  bile  coloring  matters  in  conditions  attended  with 
icterus,  and,  according  to  Oliver,  they  precede  the  appearanco  of 
the  pigments  and  persist  for  some  time  after  the  latter  have  dis- 
ajjpeared.  In  the  so-called  bilious  attacks,  due,  it  is  supposed,  to 
defective  elimination  of  bile  and  consequent  retention  of  bile  ele- 
ments in  the  blood,  as  indicated  by  chilliness,  headache,  pallor,  slow 
respiration,  feeble  pulse,  coldness  of  the  extremities,  nausea,  vomit- 
ing, sometimes  diarrhoea — a  condition  which  may  deepen  into  cholse- 
mia,  with  convulsions,  subnormal  temperature,  albuminuria,  haemo- 
globinuria— the  bile  acids  are  diminished  in  quantity  in  the  urine, 
but  become  increased  with  the  subsidence  of  the  attack. 

Among  the  conditions  which  are  accompanied  by  an  increased  ex- 
cretion of  bile  acids   in   the   urine   are,  acute  febrile  attacks,  such 
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hepatic  conditions  as  congestion,  early  cirrliosis,  amyloid  disease, 
acute  yellow  atropliy,  fatty  degeneration  due  to  phosphorus  poison- 
ing, carcinoma,  and  other  tumors.  It  may  occur  also  in  malignant 
disease  elsewhere  situated,  in  splenic  leucocytheemia,  malaria,  anae- 
mia, scurvy,  chronic  interstitial  nephritis,  and  in  diseases  attended 
with  hsemoglobinuria. 

Tests. 

Detection.  Pettenhofer  Test. — Concentrated  sulphuric  acid  free 
from  nitric  or  sulphurous  acid,  is  very  slowly  added  in  nearly  equal 
volume  to  the  urine,  the  test  glass  being  held  in  ice  water  to  prevent 
rise  of  temperature  above  60°  C.  A  ten-per-cent.  solution  of  cane 
sugar  is  then  added,  drop  by  drop,  with  constant  stirring.  A  beauti- 
ful red  color  indicates  the  presence  of  bile  acid.  This  color  becomes 
a  bluish-violet  during  the  course  of  a  few  days.  The  liquid,  on  spec- 
troscopic examination,  gives  two  absorption  bands,  one  at  F,  the  other 
between  D  and  E,  nearer  E.  The  chemical  test  fails  if  too  much 
sugar  has  been  added,  if  the  temperature  has  been  allowed  to  rise  too 
high,  or  if  albumin,  oleic  acid,  amyl  alcohol,  or  morphine  be  pres- 
ent.    The  spectrum  is,  however,  trustworthy. 

It  is  necessary  in  most  instance,  as  when  the  urine  is  highly  colored 
with  bile  pigments,  to  isolate  the  bile  acids  before  applying  Petten- 
kofer's  test.  Hoppe-Seyler's  method  of  doing  this  is  as  follows: 
From  100  to  500  c.c.  of  the  urine  are  evaporated  to  the  consistence 
of  a  syrup  on  a  water-bath  and  extracted  with  alcohol.  The  filtrate 
is  then  freed  from  alcohol  by  evaporation  and  precipitated  with  lead 
acetate  and  ammonia.  The  precipitate  is  collected  on  a  filter,  washed 
with  distilled  water,  treated  with  boiling  alcohol,  and  filtered  hot,  and 
the  filtrate  is  treated  with  a  few  drops  of  sodium-hydroxide  solution, 
then  evaporated  to  dryness.  The  dried  residue  is  then  extracted  with 
absolute  alcohol,  and  a  large  excess  of  ether  is  added  to  the  filtrate. 
The  alkaline  salts  of  the  bile  acids  are  thus  precipitated;  they  are 
removed  by  filtration  and  dissolved  in  a  little  water,  and  their  identity 
is  determined  by  the  Pettenkofer  test. 

Oliver  s  Test.— Hhis  test  is  one  of  the  most  delicate  and  probably 
the  most  reliable  of  all.  It  is  an  imitation  of  the  reaction  which  re- 
sults in  a  precipitation  of  peptone  and  of  propeptone  in  the  intestine, 
when  these  bodies  come  into  contact  with  the  bile  acids.  The  formula 
of  the  test  solution  which  is  used  is  this :  Pulverized  peptone  (Savory 
and  Moore's),  30  grains;  salicylic  acid,  4  grains;  acetic  acid,  30 
minims ;  distilled  water,  sufficient  to  make  8  fluidounces. 

Before  making  this  test,  the  urine  must  be  perfectly  clarified  by 
repeated  filtrations,  acidulated,  if  not  alreadj^  acid  in  reaction,  and 
reduced  to  1.008  specific  gravity.     Twenty  minims  of  the  imne  are 


CHEMICAL  PROPERTIES. 


741 


tlien  iim  iuto  sixty  minims  of  the  test  solutioii.  If  the  bile  acids  are 
normal  in  quantity,  or  if  less  than  normal,  no  immediate  reaction 
takes  place,  but  in  a  short  time  a  slight  milky  turbidity  will  appear. 
If  the  bile  acids  be  present  in  excess,  a  distinct  milkiness  promptly 
appears,  becoming  more  intense  after  the  lapse  of  two  or  three 
minutes,  the  depth  of  opacity  corresponding  to  the  quantity  of  bile 
acid  present.  Agitation  of  the  mixture  causes  a  diminution  of  the 
opalescence  or  its  entire  disappearance,  but  the  addition  of  more  of 
the  reagent  causes  it  to  reappear. 

QuAiS'TiTATR-E  DETERMINATION. — Oliver's  test  may  be  used  for  ap- 
proximative determination  of  the  quantity  of  biliary  acid  present  in 
the  following  manner :  A  standard  mixture  is  made  by  combining 
equal  parts  of  the  test  peptone  solution  and  normal  urine  reduced  in 
specific  gravity  to  1.008.  If  then  it  is  found  that  sixty  minims  or  more 
of  the  urine  to  be  tested  must  be  added  to  the  test  solution  in  order 
to  i)roduce  an  opacity  equal  to  that  of  the  standard  mixture,  the  urine 
does  not  contain  an  abnormal  quantity  of  bile  acid.  If  less  is  re- 
quired, the  following  table  is  used  to  compute  the  quantity  present 
as  indicated  by  the  number  of  minims  required  to  produce  the  stand- 
ard degree  of  opacity : 

Oliver's  Table. 


Minims  of  m-ine 
required. 

Drops. 

Percentage  of 
increase  indicated. 

ims  of  urine          t^ 
required. 

1 

....   2  . 

6,000 

20 

2 

....  4 

3,000 

25 

3 

....  6 

2,000 

30 

4 

....  8 

1,500 

35 

5 

....10 

1,200 

40 

10 

....20 

600 

45 

15 

....30 

400 

Drorx;  .    Percentage  of 

^•^^fo.  increase  indicated. 

.40  300 

.50  240 

.60  100 

70  83 

.80  66 

.90  50 


Increase  of  bile  acids  above  seven  hundred  per  cent,  is  rare.  No 
other  substance  has  yet  been  discovered  which  interferes  with  this 
test,  and  a  delicacy  is  claimed  for  it  sufficient  to  detect  one  part  of 
bile  salt  in  eighteen  thousand  to  twenty  thousand  of  a  sodium  chlor- 
ide solution. 

Bile  Pigments. 

The  bile  coloring  matters  give  the  urine  a  color  which  varies  from 
yellow  to  greenish-yellow,  even  a  nearly  pure  green,  to  yellowish  or 
greenish  brown  or  a  dark  brown.  Shaking  the  urine  produces  a 
foam,  the  bubbles  of  which  have  a  yellow  or  greenish-yellow  tinge. 
A  yeUow  color  is  often  given  also  to  any  morphological  elements  that 
may  be  present  in  the  sediment,  rendering  their  detection  with  the 
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microscope  less  difficult.  Bile  pigments  are  present  in  tlie  urine  in 
nearly  all  conditions  wliicL  produce  jaundice,  even  a  few  days  before 
the  discoloration  of  the  integument  has  become  perceptible;  but 
many  conditions  of  the  liver  which  fail  to  produce  icterus,  as  well  as 
those  which  produce  it,  cause  choluria.  Certain  conditions  of  the 
blood  and  hemorrhages  into  the  tissues  may  produce  bile-stained 
urine.  Poisoning  by  phosphorus  or  aniline  produces  a  discharge  of 
a  large  amount  of  bile  coloring  matter  in  the  urine. 

Tests. 

1.  Gmelbi's  Test. — Place  in  a  test  tube  a  little  strong  nitric  acid 
containing  some  commercial  yellow  nitrous  acid,  and  flow  over  it  the 
urine  to  be  examined.  A  layer  of  green  will  form  at  the  line  of  con- 
tact, surmounted  from  below  upwards  by  layers  of  blue,  violet,  red, 
and  yellow,  the  green  being  most  conspicuous,  the  blue  least  so, 
sometimes  failing  to  develop. 

2.  Bosenhach  modifies  this  test  by  first  filtering  the  urine  through 
a  fine,  thick  filter,  and  applying  a  drop  of  nitric  acid  containing  a 
little  nitrous  acid  to  the  inside  of  the  filter.  A  pale  yellow  spot  is 
formed,  surrounded  by  colored  rings — yellowish-red,  violet,  blue, 
and  green.     The  test  is  trustworthy  and  delicate. 

3.  Dragendorff  places  a  little  of  the  urine  on  a  plaster-of-Paris 
disc,  and  when  it  has  been  nearly  absorbed  lets  a  drop  of  nitric  acid 
fall  on  the  spot.  A  ring  forms  about  the  drop  of  nitric  acid,  in  which 
green  predominates. 

4.  Hiippert's  test  is  especially  useful  when  the  quantity  of  bile  col- 
oring matter  is  small.  The  urine  is  first  treated  with  some  lime  wa- 
ter or  with  calcium-chloride  solution,  and  then  with  a  solution  of 
sodium  or  ammonium  carbonate.  The  resulting  precipitate  of  bile 
pigments  may  be  separated  with  chloroform,  after  washing  with  water 
and  acidification  with  acetic  acid.  The  chloroform  is  colored  yellow 
by  taking  up  bilirubin,  while  the  acetic  acid  is  stained  green  by  bili- 
verdin. 

5.  Heller's  Test. — About  a  drachm  of  pure  hydrochloric  acid  is 
placed  in  a  test  tube,  just  enough  urine  is  added  to  distinctly  color  it, 
and  the  two  fluids  are  mixed.  The  mixture  is  then  flowed  upon  a 
column  of  nitric  acid,  and  a  beautiful  play  of  colors  is  produced.  If 
the  nitric  acid  be  now  stirred  with  a  glass  rod,  the  colors  are  distrib- 
uted in  layers  throughout  the  entire  mixture. 

6.  Ultzmann's  Test. — Ten  cubic  centimetres  of  urine  are  treated 
with  3  or  4  c.c.  of  a  strong  potassium-hydroxide  solution,  and  acidi- 
fied with  hydrochloric  acid.  If  bile  pigment  be  present,  a  beautiful 
green  color  is  produced. 
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Indoxyl-Sulphuric  Acid. 

Indoxyl-siilphuric  acid,  or  iwine  indican  (C,H,NSO,),  termed  by- 
Heller  uroxantbiD,  lias  already  been  referred  fco  as  occurring  in  nor- 
mal urine  in  combination  with  potassium.  Owing  its  origin  to  indol, 
which  in  turn  comes  from  the  putrefaction  of  proteids,  it  is  more 
abundant  when  the  individual  subsists  largely  on  animal  food,  but  its 
quantity  never  varies  to  any  great  extent  in  health. 

Indican  is  increased  in  the  urine  of  children  suffering  from 
severe  diarrhoeal  disorders ;  and  it  occasionally  becomes  very  abun- 
dant in  such  conditions  as  Addison's  disease,  cholera,  typhoid  fever, 
dysentery,  chronic  tuberculosis,  acute  general  jjeritonitis,  suppurative 
bronchitis  (bronchiectasis),  empyema,  diabetes,  disease  of  the  spleen, 
carcinoma  of  the  liver,  multiple  lymphomata,  in  certain  affections  of 
the  nervous  system,  and  in  intestinal  obstruction.  A  peculiar  feature 
of  its  occurrence  in  intestinal  obstruction  is  the  fact  that  it  usually 
becomes  extremely  abundant  when  this  occurs  in  the  small  intestine,, 
while  in  obstruction  of  the  large  bowel  its  quantity  is  increased  only 
when  the  upper  portion  of  the  ileum  is  much  obstructed. 

Tests. 

Heller's  Test. — To  a  drachm  of  hydrochloric  acid  in  a  small  wine- 
glass or  beaker  add  slowly,  with  constant  stirring,  about  twenty 
drops  of  the  urine.  If  the  indican  be  normal  in  quantity,  a  pale  yel- 
low or  yellowish-red  color  is  produced;  but  if  it  be  markedly  in- 
creased, a  blue  or  violet  color  appears,  the  color  change  occurring 
more  rapidly  as  the  quantity  of  indican  is  greater,  one  or  two  drops 
of  the  urine  sometimes  being  suflBcient  to  produce  the  reaction.  The 
addition  of  two  or  three  drops  of  nitric  acid  renders  the  test  more 
delicate. 

MacMumi's  Test. — Equal  parts  of  urine  and  hydrochloric  acid, 
with  a  few  drops  of  nitric  acid,  are  boiled  together,  cooled,  and  agi- 
tated with  chloroform.  If  much  indican  be  present,  the  chloroform 
takes  a  violet  color.  On  spectroscopic  examination,  this  liquid  shows 
an  absorption  band  before  D,  due  to  indigo  blue ;  and  one  after  D, 
due  to  indigo  red. 

Jqfe's  Test. — Ten  cubic  centimetres  each  of  urine  and  hydrochlo- 
ric acid  are  mixed  in  a  test  tube,  and  while  being  shaken  a  fresh  so- 
lution of  the  chloride  of  lime  or  chlorine  water  is  added,  drop  by 
drop,  until  the  deepest  obtainable  blue  color  is  reached.  The  mix- 
ture is  then   shaken  with   chloroform,    which  readily  dissolves  the 
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indican  and  holds  it  iu  solution,  the  depth  of  color  being  an  index  to 
the  quantity  of  indican  present. 

AlbumiUj  if  present,  must  be  removed  before  applying  these  testa, 
because  it  sometimes  forms  a  blue  color  on  standing  with  hydrochloric 
acid.  The  appearance  of  a  red  color  instead  of  blue  denotes  the 
presence  of  iodine. 

Hydroxybutteic  Acid. 

Hydroxy  butyric  acid  (GJIfi^)  is  a  monobasic  acid  of  the  lactic- 
acid  series,  existing  in  its  pure  state  as  a  crystalline  solid,  but  in 
the  form  of  a  syrup  when  obtained  from  the  urine.  This  syrup  is 
odorless  and  is  readily  miscible  with  water,  alcohol,  and  ether.  It 
is  not  precipitated  by  lead  acetate  or  ammoniacal  basic  lead  acetate, 
and  possesses  dextrorotatory  power  over  polarized  light,  sometimes 
interfering  with  the  polarimetric  estimation  of  glucose.  When 
boiled  with  water  in  the  presence  of  a  mineral  acid,  it  is  decomposed 
into  ^-crotonic  acid  and  water. 

Hydroxybutyric  acid  is  usually  accompanied  in  the  urine  by  dia- 
cetic  acid,  and  sometimes  by  acetone,  being  especially  likely  to  occur 
in  advanced  cases  of  diabetes  mellitus.  It  has  been  found  also  in  the 
urine  during  measles,  scarlatina,  scurvy,  and  in  diseases  of  the  brain. 

Test. 

If  the  urine  remains  dextrorotatory  after  complete  fermentation 
with  yeast,  hydroxybutyric  acid  is  probably  present. 

Kiilz  does  not  regard  the  substance  separated  from  the  urine  iden- 
tical with  either  of  the  four  forms  of  this  acid,  but  describes  it  under 
the  name  of  pseudo-oxybutyric  acid.  His  method  of  detecting  it  is 
as  follows :  Evaporate  the  urine  after  complete  fermentation  to  a  syr- 
upy consistence,  add  an  equal  volume  of  concentrated  sulphuric  acid, 
and  distil  immediately,  without  cooling.  The  distillate  containing 
o'-crotonic  acid  is  collected  by  strong  cooling,  and  crystals  separate, 
which  melt  at  72°  C,  a  characteristic  of  hydroxybutyric  acid.  If  no 
crystal  can  be  obtained,  shake  the  distillate  with  ether,  evaporate  the 
ether,  wash  the  residue  with  the  water  that  remains,  and  test  the 
melting  point. 

The  Diazo  Keaction. 

The  diazo  reaction,  introduced  by  Ehrlich  as  a  valuable  aid  in  the 
diagnosis  of  certain  diseases,  particularly  of  typhoid  fever,  depends 
upon  the  fact  that  there  is  present  in  the  urine  during  these  diseases 
a  certain  aromatic  substance,  of  a  nature  not  yet  known,  which  is 
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capable  of  uniting  with  freshly  prepared  diazosulphobenzol  to  form 
aniline  colors. 

According  to  the  original  claims  of  Ehrlich,  which  have  been 
abundantly  confii'med,  the  reaction  is  most  commonly  found  in  the 
urine  of  tjphoid  fever  from  the  fourth  to  the  seventh  day  and  there- 
after. If  the  reaction  do  not  occur,  the  diagnosis  is  doubtful ;  if  it 
be  faint  and  occurring  for  only  a  few  days,  the  prognosis  is  favorable. 
It  is  found  oul\'  iu  such  cases  of  pulmonary  tuberculosis  as  are  i)ur- 
suing  a  rapidly"  fatal  course.  It  sometimes  but  not  often  occurs  in 
measles,  miliary  tuberculosis,  pyiiemia,  scarlet  fever,  and  erysipelas; 
but  never  in  afebrile  diseases,  such  as  chlorosis,  hydi'aemia,  diabetes, 
or  in  diseases  of  the  brain,  spinal  cord,  liver,  or  kidneys. 

The  Diazo  Test. — Diazosulphobenzol  is  formed  by  the  action  of 
nitrous  acid  on  sulphanilic  acid.  In  order  to  obtain  it  in  a  fresh 
state,  the  sulphanilic  acid  is  kept  in  a  solution  with  hydrochloric 
acid;  to  this  a  solution  of  sodium  nitrite  is  added,  in  order  to  liber- 
ate nitrous  acid  and  form  the  diazosulphobenzol.  The  following  so- 
lutions are  therefore  required : 

1.  Sulphanilic  acid,  2  gm.,  and  hydrochloric  acid,  50  c.c,  in 
1,000  c.c.  of  distilled  water. 

2.  A  0.5-per-cent.  solution  of  sodium  nitrite. 

Mix  one  jjart  of  No.  2  with  fiftj'  parts  of  No.  1,  add  to  the  mixture 
an  equal  volume  of  the  urine,  render  stronglj^  alkaline  with  ammonia, 
and  shake  well.  The  characteristic  reaction  consists  in  the  formation 
of  a  carmine-red  color  both  in  the  mixture  and  in  the  foam.  A  green- 
ish precipitate  is  thrown  down  after  the  mixture  has  stood  twenty-four 
hours.     Normal  iirine  yields  a  yellow  color. 

Gases. 

Pneumaturia  is  the  name  given  to  the  escape  of  atmospheric  air  or 
gases  through  the  urethra.  This  phenomenon  may  result  from  the 
entrance  of  air  or  intestinal  or  other  gases  into  the  bladder  by  what- 
ever means. 

In  another  class  of  cases  the  gas  is  formed  in  the  urine  and  is,  in 
part  or  wholly,  held  in  solution.  Carbon  dioxide,  hydrogen,  and 
methane,  for  example,  result  from  the  action  of  bacteria  on  the  car- 
bohydrates, particularly  on  the  glucose,  in  diabetic  urine.  The  yeast 
fungus,  the  bacillus  coli  communis,  the  bacillus  of  butyric-acid  fer- 
mentation, and  a  number  of  others  have  been  discovered  in  the  urine 
of  these  cases.  Ealfe  reports  a  case  in  which  spontaneous  ebullition 
of  a  large  quantity  of  an  odorless  gas,  believed  to  be  carbon  dioxide, 
occurred,  probably  as  a  result  of  a  decomposition  of  glucose  or  ace- 
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tone,  as  the  -urine  contained  sugar.     (For  metliod  of  detecting  car- 
bonic acid  in  tlie  urine  see  p.  704.) 

Hydrogen  Sulphide. 

Hydrogen  sulphide  (H^S)  is  the  most  important  of  the  gases  thus 
voided,  since  its  appearance  always  denotes  a  possibility  of  the  exis- 
tence of  a  serious  lesion. 

Hydrothionuria  has  been  attributed  to  either  of  three  principal 
causes :  (a)  To  the  action  of  bacteria  upon  albuminous  bodies  in  the 
urine;  {b)  to  an  exosmosis  of  the  gas  from  the  intestine  or  from  a. pus 
sac  into  the  bladder ;  or  (c)  to  its  absorption  by  the  blood  and  subse- 
quent elimination  through  the  kidneys.  An  additional  cause  is  illus- 
trated in  a  case  reported  by  Rosenheim  and  Gutzmann,  in  which  the 
autopsy  developed  a  direct  communication  between  an  abscess  cavity 
and  the  bladder  by  a  fistulous  opening.  These  authors  also  believe 
it  possible  that  sulphuretted  hydrogen  may  be  liberated  in  the  blad- 
der by  decomposition  of  hyposulphurous  acid,  which  belongs  to  a 
class  of  sulphur  compounds  normally  present  in  the  urine,  and  is  eas- 
ily decomposed. 

Friedrich  Miiller  objects  to  the  theory  of  its  diffusion  through  the 
bladder  wall,  attributing  it  chiefly  to  the  action  of  bacteria  on  the 
proteids ;  he  also  describes  two  bacteria,  a  round  and  an  oval  coccus, 
which  he  has  found  capable  of  producing  hydrogen  sulphide  in  the 
urine.  The  latter  theory  is  supported  also  by  the  observation  of 
Ranke,  that  if  a  few  drops  of  urine  containing  sulphuretted  hj^drogen 
be  added  to  normal  urine,  the  formation  of  this  gas  is  established  in 
it,  and  that  a  few  drops  of  this  urine  would  communicate  the  "  fer- 
mentation" to  a  third  specimen. 

The  urine  is  usually  acid  in  reaction,  of  yellow  color,  compara- 
tively low  in  specific  gravity,  albuminous,  turbid  from  the  presence 
of  bacteria,  and  communicates  the  characteristic,  offensive  odor  of 
hydrogen  sulphide;  it  is  sometimes,  however,  red,  of  high  specific 
gravity,  and  free  from  albumin  or  bacteria. 

Clinical  Significance. — A  study  of  the  comparatively  few  cases  of 
hydrothionuria  which  have  been  reported  indicates  that  the  follow- 
ing causes  predominate  in  its  production :  Abscesses  containing  de- 
composing pus,  located  in  the  immediate  vicinity  of  the  bladder  or 
communicating  with  it;  abscesses  in  the  ischiorectal  fossa,  in  the 
sigmoid  flexure,  the  vermiform  appendix,  the  intestine,  rectovaginal 
fistula,  with  escape  of  faeces  into  the  vagina  (probably  leading  to  in- 
fection through  the  urethra) ;  an  enlarged  prostate,  causing  a  diver- 
ticulum of  the  bladder  to  press  upon  the  rectum ;  perforation  of  gas- 
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trie  or  intestinal  ulcers,  gonorrhoeal  pyosalpinx,  and  vesical  catarrh 
in  the  presence  of  bacterial  infection.  It  has  been  encountered  also 
in  a  case  of  smallpox,  in  gastric  and  gastrointestinal  catarrh  result- 
ing from  errors  of  diet  or  excessive  drinking,  in  a  case  of  pulmonary 
gangreue  with  feculent  cystitis,  and  in  diabetes  mellitus  (Von  Koor- 
den).  In  the  last  instance  the  jjresenco  of  suli^huretted  hydi'ogen  in 
the  urine  must  be  attributed  to  a  decomposition  of  some  sulphuretted 
body,  particularly'  albumin,  associated  with  glucose  in  the  urine. 

J.  Foster  Scott,  who  has  made  an  exhaustive  investigation  of  this 
subject  and  its  literature,  reports  in  the  New  York  Medical  Journal 
(Yol.  LYII.,  p.  663,  1893)  two  instances  in  which  hydi'othionuria 
followed  puerperal  eclampsia  in  the  same  subject,  each  time  with  the 
delivery  of  a  dead  foetus,  the  urine  containing  at  the  same  time  albu- 
min and  vibriones ;  a  third  case  in  which  it  followed  a  laparotomy  for 
pyosalpinx,  the  urine  being  non-albuminous  and  free  from  organized 
deposit  or  bacteria ;  and  a  fourth  case  in  which  it  followed  a  normal 
labor,  without  particular  disturbance  of  health,  and  in  mine  free 
from  albumin,  blood,  or  bacteria. 

Tests. 

The  presence  of  hydrogen  sulphide  in  the  urine  could  hardlj^  es- 
cape recognition,  owing  to  the  characteristic  and  obti'usive  nature 
of  its  odor.  It  may  be  demonstrated,  however,  by  either  of  the  fol- 
lowing tests : 

1.  To  about  two  inches  of  urine  in  a  test  tube  add  a  few  drops  of 
silver-nitrate  solution ;  a  white  precipitate  of  chlorides  and  albumin 
immediately  falls.  Then  add  a  few  drops  of  nitric  acid;  a  dark-gray 
color  develops,  becoming  almost  black ;  and,  finally,  a  dark  ring  of 
silver  suphide  is  deposited  on  the  glass. 

2.  Add  a  single  drop  of  lead  acetate  to  about  two  inches  of  urine 
in  a  test  tube.  An  inky-black  precipitate  of  lead  sulphide  (PbS)  is 
formed,  with  a  dark-brown  supernatant  fluid  (Scott) . 

8.  Heller's  test:  Add  to  the  urine  a  few  drops  of  ferric-chloride 
solution.  A  black  precipitate  is  formed,  or  only  a  brown  discolora- 
tion if  the  quantity  of  hydrogen  sulphide  be  very  small. 

4.  A  silver  or  lead  rod  immersed  in  the  urine  for  a  few  hours  will 
become  blackened.  (A  case  has  been  reported  in  which  a  silver 
catheter  used  to  withdraw  the  urine  was  discolored.) 

Drugs  in  the  Urine. 

Arsenic. 

1.  Eeinsch's  Test. — Add  to  the  urine  in  a  test  tube  a  few  drops 
of  jjure  hydrochloric  acid;  then  introduce  a  small  piece  of  pure. 
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bright  copper  foil,  one-eig]it]i  or  one-sixteentli  incli  square,  and  boil 
for  several  minutes.  If  arsenic  be  present,  a  dark  iron-gray  coating 
is  deposited  on  the  copper.  The  test  is  more  likely  to  be  successful 
if  the  urine  be  first  concentrated  by  evaporation  at  a  moderate  tem- 
perature. 

2,  In  order  to  detect  small  quantities  of  arsenic,  the  distillation 
method  maj-  be  used.  For  this  method,  about  500  c.c.  of  urine  are 
strongly  acidulated  with  pure  hydrochloric  acid,  and  the  mixture  is 
allowed  to  digest  for  several  hours.  It  is  then  placed  in  a  retort, 
fitted  with  a  long  condensation  tube,  which  is  kept  cold  with  ice  or 
with  sheets  of  filter  paper,  constantly  moistened  with  cold  water,  and 
terminating  in  a  loosely  stoppered  flask  containing  a  little  distilled 
water.  Heat  is  applied  to  the  retort  and  the  distillation  is  carried 
to  almost  complete  condensation  of  the  urine. 

The  distillate  is  then  submitted  to  the  tests  for  arsenic ;  first  by 
the  preceding  Eeinsch  method,  then  by  Marsh's  test.  If  the  quan- 
tity of  arsenic  has  been  sufficient  by  the  first  test  to  cause  precipita- 
tion on  the  copper  foil,  however,  the  Marsh  test  may  be  employed 
without  distillation. 

Lead. 

As  a  preliminary  test,  strips  of  filter  paper  wet  with  the  urine  may 
be  submitted  to  a  stream  of  hydrogen  sulphide.  If  lead  be  present 
in  considerable  quantity,  the  paper  is  stained  by  the  formation  of 
lead  sulphide;  or  a  stream  of  hydrogen  sulphide  may  be  passed 
through  the  urine.  If  a  black  precipitate  is  produced,  this  may  be 
collected  on  a  filter,  washed,  and  boiled  for  fifteen  minutes  in  a 
twenty-per-cent.  aqueous  solution  of  nitric  acid.  The  liquid  is  then 
filtered  and  evaporated  to  dryness,  the  residue  is  dissolved  in  water, 
and  the  tests  for  lead  are  applied  to  the  solution.  To  a  part  of  the 
solution  add  sulphuric  acid.  A  white  precipitate  is  formed,  which 
is  soluble  in  potassium  hydroxide  solution  (which  must  be  free  from 
lead) .  The  addition  of  ammonium  sulphide  to  this  alkaline  solution 
causes  it  to  turn  black. 

This  test  may  also  be  applied  by  evaporating  the  urine  to  dryness, 
destroying  the  organic  matter  by  heat,  and  dissolving  the  residue  by 
boiling  with  nitric  acid,  filtering,  and  proceeding  as  just  described. 

Wood's  31ethod. — This  is  probably  the  most  delicate  test  yet 
devised.  For  four  or  five  days  before  securing  the  specimen  of  urine 
for  examination,  the  patient  takes  from  five  to  ten  grains  of  potas- 
sium iodide  three  times  a  day.  A  litre  of  urine  is  then  obtained, 
evaporated  to  dryness,  and  fused  in  a  crucible  with  a  little  pure  po- 
tassium nitrate  until  it  becomes  white.     When  cool,  the  residue  is 
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exti'acted  with  hot  dilute  hydrochloric  acid,  filtered,  the  filtrate  ren- 
dered alkaline  with  ammonia  to  precipitate  the  phosphates  and  iron. 
Ammonium  sulphide  is  now  added  to  precipitate  the  lead,  the  pre- 
cipitate is  washed  three  times  with  hot  distilled  water  and  decanted, 
water  acidified  with  hydrochloric  acid  is  added,  and  the  whole  is  al- 
lowed to  stand  until  the  next  day.  It  is  then  filtered  through  a  small 
filter,  the  precipitate  is  washed,  and  a  little  nitric  acid  is  added,  drop 
by  drop,  to  dissolve  the  lead  and  carr^'  it  through  as  a  nitrate.  The 
filtrate  is  collected  in  a  watch-glass  and  evaporated  to  dryness,  and 
the  final  test  is  made  by  adding  a  drop  of  water  and  a  crystal  of  potas- 
sium iodide.  The  formation  of  a  yellow  precipitate  denotes  the  pres- 
ence of  lead. 

Mercury. 

1.  Jolles'  Jlethod. — Granulated  gold  is  first  prepared  by  the  follow- 
ing method :  From  16  to  20  gm.  of  pure  gold  chloride  are  dissolved,  the 
solution  is  heated,  and  burned  magnesia  is  added  with  constant  agita- 
tion, until  the  fluid  above  the  precipitate  becomes  colorless.  Heat  is 
applied  for  a  few  minutes,  the  fluid  is  decanted,  and  the  precipitate 
is  washed  until  the  wash-water  shows  no  trace  of  chlorine.  The 
gold-magnesium  compound  is  then  dried  and  treated  with  strong 
nitric  acid.  This  is  warmed  over  a  water-bath  until  the  fluid  becomes 
clear  and  colorless.  The  precipitate  is  thoroughly  washed,  dried, 
incinerated  in  a  crucible,  and  finally  glowed  "^dth  a  blow-flame. 
About  2  gm.  of  this  granulated  gold  are  then  placed  in  from  100  to  300 
CO.  of  the  urine,  3  c.c.  of  pure  hydrochloric  acid  being  added;  the 
mixture  is  heated,  and  from  2  to  3  gm.  of  freshly  prepared  stannous 
chloride  are  added.  If  a  flaky  precipitate  of  the  hydi'ated  oxide  of 
tin  is  formed,  there  is  too  little  hydrochloric  acid,  and  the  error  must 
be  corrected.  The  mixture  is  then  warmed  to  70°  or  80°  C,  and  from 
30  to  50  c.c.  of  a  saturated  stannous-chloride  solution  are  added.  A 
cloudiness  denotes  the  presence  of  mercury. 

2.  To  a  litre  of  urine  add  10  c.c.  of  hydi'ochloric  acid,  introduce  a 
little  piece  of  copper  foil,  and  apply  heat.  After  letting  the  fluid 
stand  for  twenty-four  hours,  remove  the  copper  foil,  wash  it  T.*ith  wa- 
ter, alcohol,  and  ether,  and  let  it  dry.  Then  introduce  it  into  a  long 
test  tube  and  heat  it  to  redness.  If  mercury  be  present,  it  condenses 
on  the  cool  parts  of  the  tube.  If  fumes  of  iodine  be  now  introduced, 
the  mercury  is  changed  into  mercuric  iodide,  having  a  red  color. 

Bromine  and  Iodine. 

Add  to  the  urine  a  little  fuming  nitric  acid  or  some  freshly  pre- 
pared chlorine  water,   and  shake  with  chloroform.     If  bromine  be 
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present,  the  cliloroform  assumes  a  brownish-yellow  color.  If  iodine 
be  present,  a  carmine-red  or  purple  color  is  produced.  Gillet  states 
that  this  test  fails  in  ammoniacal  urine,  owing  to  the  reaction  of  the 
iodine  on  the  salts  of  ammonia,  with  formation  of  nitric  iodide  and 
iodic  acid,  the  nitric  iodide  again  splitting  up  into  iodic  acid  and  ni- 
trogen. He  suggests  the  addition  of  potassium-hydroxide  solu- 
tion to  the  urine  before  making  the  test  in  order  to  prevent  this 
combination. 

Quinine. 

1.  If  to  a  solution  containing  quinine  chlorine  water  be  added, 
then  potassium  ferrocyanide,  and  finally  ammonia,  a  red  color  is 
produced. 

2.  Add  to  about  10  c.c.  of  urine  in  a  test  tube  a  drop  or  two  of 
hydrochloric  acid,  then  two  drops  of  chlorine  water  or  of  bromine 
water,  and  an  excess  of  ammonia.  An  emerald-green  color  is  pro- 
duced, which  corresponds  to  the  quantity  of  quinine  present.  Care- 
fully neutralize  the  mixture,  and  the  color  changes  to  blue ;  add  an 
excess  of  an  acid  and  it  changes  to  a  purple  or  red  color ;  again  add 
an  excess  of  ammonia,  and  the  green  color  returns. 

ACETANILrDE  (AnTIFEBEIN). 

Evaporate  the  urine  to  about  half  its  volume,  add  hydrochloric 
acid,  and  boil  for  a  few  minutes ;  extract  with  ether,  evaporate  the 
ether,  treat  the  residue  with  distilled  water,  adding  a  few  cubic  cen- 
timetres of  an  aqueous  solution  of  phenol  and  half  as  much  of  a  one- 
per-cent.  solution  of  hypochlorite  of  lime.  A  pale-green  (onion  peel) 
color  is  produced,  which  changes  to  blue  on  the  addition  of  ammonia 
(iodophenol  reaction).  If  the  urine  is  of  pale  color,  the  extraction 
with  ether  may  be  omitted. 

Naphthalin. 

1.  The  addition  of  sulphuric  acid  to  acid  urine  containing  naph- 
thalin produces  a  green  color. 

2.  Add  to  the  urine  a  few  drops  of  ammonia  or  of  sodium-hydrox- 
ide solution.  A  blue  fluorescence  is  produced,  owing  to  the  produc- 
tion of  /?-naphthol,  changing  to  a  yellow  color  on  the  addition  of  cal- 
cium-chloride solution  and  hydrochloric  acid. 

3.  Urine  containing  naphthalin  becomes  darker  on  standing  a 
few  days,  and  will  then  yield  a  red  hue  on  the  addition  of  acetic  acid. 
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Antipyrin. 

1.  If  antipyrin  be  also  present  in  the  second  test  for  quinine,  the 
urine  acquires  a  red  color  on  the  first  addition  of  ammonia.  The  col- 
oring matter  can  be  removed  from  the  solution  by  shaking  it  immedi- 
ately with  chloroform  or  alcohol.  If  the  chloroform  solution  be 
shaken  with  acidulated  water,  an  orange-pink  color  is  i)roduced.  If 
the  solution  be  now  rendered  alkaline,  the  color  changes  to  violet- 
pink,  Carrez  states  that  this  reaction  may  be  employed  for  the  de- 
tection of  antipyrin  in  the  urine. 

2.  The  addition  of  ferric  chloride  to  urine  containing  antij)yrin 
produces  a  red  color. 

Morphine. 

1.  Nitric  acid  added  to  a  moderately  strong  solution  of  morphine 
produces  a  slowly  developing  orange-red  color.  This  test  is  not  pos- 
itive, however,  owing  to  the  red  color  often  produced  by  the  addition 
of  nitric  acid  to  normal  urine,  and  the  comparatively^  small  quantity 
of  morphine  usually  found  in  the  urine.  The  reddish  color  due  to 
morphine,  however,  shows  more  yellow  and  develops  more  slowly 
than  that  which  occurs  in  normal  urine. 

2.  Add  to  the  urine  a  little  chloroform  containing  one  or  two 
drops  of  iodic  acid.  As  the  chloroform  sinks  to  the  bottom  iodine 
is  taken  uj)  by  it  and  acquires  a  pink  color,  corresponding  in  depth 
to  the  quantity  of  morphine  present.  Now  add  enough  ammonia  to 
render  the  mixture  alkaline ;  the  pink  color  is  discharged  from  the 
chloroform  and  the  supernatant  fluid  becomes  deep  brown. 

If  the  urine  be  first  rendered  alkaline  with  sodium  bicarbonate 
and  iodic  acid  added,  shaking  the  mixture  with  chloroform  produces 
a  violet  color. 

Salicylic  Acid. 

The  addition  of  1  c.c.  of  strong  ferric-chloride  solution  to  10  c.c. 
of  urine  containing  salicylic  acid  (salicyluric  acid)  produces  a  violet 
color.  The  same  color  change  is  sometimes  produced,  however,  by 
the  addition  of  ferric  chloride  to  diabetic  urine. 

Santonin. 

The  urine  has  a  bright-yellow  color  which  turns  red  on  the  addi- 
tion of  an  alkali,  the  color  gradually  fading.  On  the  addition  of  ba- 
ryta water  and  filtering,  the  color  passes  through  with  the  filtrate. 
It  is  not  taken  up  by  ether. 
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Ehubarb  and  Senna. 

These  preparations  give  the  urine  a  yellow  color,  probably  due  to 
the  presence  of  chrysophanic  acid,  which  is  changed  to  red  on  the 
addition  of  an  alkali ;  but  the  color  is  permanent.  On  the  addition  of 
baryta  water  and  filtering,  the  color  remains  with  the  precipitate  and 
will  be  taken  up  by  ether. 

Pine  Acids. 

The  acids  or  salts  of  pine  appear  in  the  urine  after  the  ingestion 
of  balsams,  cubebs,  and  sometimes  after  turpentine  has  been  taken. 
The  addition  of  strong  nitric  or  hydrochloric  acid  causes  a  precipita- 
tion resembling  that  of  albumin,  but  if  it  be  treated  with  strong  alco- 
hol it  is  dissolved.  Urine  containing  turpentine  has  frequently  an 
odor  of  violets. 

Urinary  Sediments. 

Freshly  voided  normal  urine  is  free  from  sediment;  as  it  cools, 
however,  a  flocculent  deposit  collects  about  the  bottom  of  the  vessel, 
consisting  of  mucus,  usually  holding  in  suspension  a  few  epithelial 
cells.  Subsequent  changes  in  the  urine  lead  to  the  deposit  of  a  more 
or  less  abundant  sediment.  In  acid  urine  we  find  at  first  a  deposit 
of  reddish-yellow  or  clay-yellow  amorphous  urates  of  potassium,  so- 
dium, and  ammonium,  with  sometimes  those  of  calcium  and  magne- 
sium, a  sediment  which  is  readilj^  dissolved  bj'-  heat.  A  little  later  a 
part  of  this  sediment  is  transformed  into  brick-red  or  dark-brown, 
well-defined  crystals  of  uric  acid;  and  along  with  these,  or  perhaps 
a  little  later,  we  find  small  octahedral  crystals  of  calcium  oxalate. 
At  a  still  later  period,  varying  usually  from  two  to  four  days  after 
the  urine  is  voided,  and  depending  greatly  upon  the  temperature  at 
which  the  urine  is  kept,  we  have  the  results  of  the  alkaline  fermenta- 
tion in  a  deposit  of  the  alkaline  earths,  amorphous  calcium  phos- 
phate, and  prismatic  (coffin-lid)  crystals  of  the  triple  phosphate  of 
ammonium  and  magnesium,  sometimes  accompanied  by  the  dark, 
spiculated  spherules  of  ammonium  urate  (mulberry  crystals). 

In  normal  alkaline  urine  the  earthy  phosphates  often  form  a 
rather  abundant  precipitate  as  the  urine  becomes  cold.  This  sedi- 
ment is  quickly  dissolved  by  the  addition  of  a  few  drops  of  a  strong 
acid. 

Pathological  urine  frequently  contains  one  or  more  of  the  elements 
just  mentioned  in  suspension  when  voided,  almost  immediately  form- 
ing a  sediment.     But  in  addition  to  these  we  may  find  quite  a  large 
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number  of  either  chemical  or  biological  substances  in  the  urine,  as 
crystals  of  leucin,  ty rosin,  xanthin,  blood,  pus,  bacteria,  etc. 

The  best  classification  of  urinary  sediments  divides  them  into  two 
classes,  chemical  and  anatomical  sediments.  The  first  class  includes 
uric  acid,  urates,  calcium  oxalate,  cystin,  leucin,  tyrosin,  xanthin, 
and  phosphates.  The  principal  anatomical  elements,  which  are  al- 
most always  pathological  in  character,  are  pus  corpuscles,  blood, 
renal  casts,  spermatozoa,  fragments  of  neoplasms,  and  bacteria. 

The  microscope  furnishes  us  the  principal  means  of  examining  the 
sediments;  chemical  manipulations  are  sometimes  resorted  to,  but 
chiefly  for  the  purpose  of  confirming  the  results  of  microscopic  inves- 
tigation. 

Sedimentation. — Until  recently  we  had  no  means  of  hastening  the 
sedimentation  of  urine.  It  had  to  be  left  to  the  slow  process  of  grav- 
itation, which  required  from  a  few  hours  to  a  day  or  more,  and  fre- 
quently resulted  in  the  loss  of  important  morphological  characteris- 
tics. Spontaneous  sedimentation  is  best  accomplished  by  placing  the 
urine  in  a  conical  glass,  having  nearly  perpendicular  sides,  and  set- 
ting it  in  a  cool  place,  securely  covered  to  protect  it  from  dust.  If 
the  urine  be  but  faintly  acid,  and  particularly  if  the  purpose  of  the 
examination  is  the  study  of  its  organized  constituents,  a  little  hydro- 
chloric acid  should  be  added  to  counteract  the  alkaline  fermentation, 
since  many  elements  are  dissolved  by  alkalies.  To  prevent  the  growth 
of  bacteria,  a  little  chloral,  salicylic  acid,  resorcin,  or  formalin  ma}" 
be  added,  unless  chemical  tests  are  to  be  made  of  the  same  specimen. 

Sedimentation  by  means  of  the  centrifugal  apparatus  is  by  far  the 
most  satisfactory  method,  since  it  is  both  quicker  and  more  positive 
in  its  results.  Bj'  it  we  obtain  without  difficulty  a  separation  of  all 
the  morphological  elements  of  the  urine  at  a  time  when  decomposi- 
tion has  not  affected  them.  Several  kinds  of  centrifuge  are  offered 
by  the  instrument  dealers.  The  most  satisfactory  of  all  is  the  elec- 
trical centrifuge  of  Dr.  Purdy,  which  enables  one  to  use  a  larger  quan- 
tity of  urine  and  to  produce  a  greater  speed  of  revolution  than  is 
possible  with  those  which  are  operated  by  hand  power.  The  tubes 
of  most  insti'uments  are  graduated  to  hold  only  10  c.c,  sufficient  for 
the  examination  of  sediments,  but  hardly  sufficient  for  use  in  the 
sedimentation  and  estimation  of  chemical  precipitates. 

The  sediment  should  be  removed  from  the  glass  or  centrifuge 
tube  by  a  pipette  with  a  long  and  very  narrow  point,  care  being  taken 
to  withdraw  as  much  of  the  sediment  as  possible  with  little  fluid. 
A  very  small  drop  of  the  sediment  is  then  placed  on  the  microscope- 
slide  for  examination. 

Organized  elements  of  the  sediment  may  be  obtained  in  a  pure 
Vol.  VII.— 48 
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state  by  acidulating  the  urine  with  acetic  acid  before  sedimentation, 
and  afterwards  w^ashing  the  sediment  in  a  physiological  salt  solution, 
which  may  be  used  warm  if  necessary,  to  remove  urates.  The  sedi- 
ment may  be  preserved  for  future  use  by  pouring  over  it  a  mixture  of 
equal  parts  of  glycerin  and  water,  to  which  two  per  cent,  of  a  satu- 
rated solution  of  thymol  has  been  added. 

Chemical  Sediments. 

Ueic  Acid. 

Uric-acid  crystals  are  found  almost  exclusively  in  acid  urine,  and 
may  frequently  be  recognized  by  the  naked  eye  clinging  to  the  sides 
of  the  vessel  after  standing  or  to  foreign  particles  in  the  urine.     It  is 


Fig.  52.— Uric- Acid  Crystals.    A,  Fig.  53.— Uric-Acid  Crystals  More 

Crystallization    on    a    Cotton  Highly  JIagnified.    A,  Crystal- 

Fibre,  lization  on  a  Cotton  Fibre. 


this  tendency  to  crystallize  upon  foreign  matter  that  leads  to  the  fre- 
quent production  of  uric-acid  calculi.  Uric-acid  crystals  are  for  the 
most  part  rhomboidal  in  shape,  but  may  be  rectangular,  or,  having 
rounded  extremities,  they  may  appear  ovoidal  or  circular.  They  are 
usually  flattened,  but  sometimes  appear  to  be  almost  perfect  cubes. 
The  union  of  several  crj^stals  often  produces  stars  and  variously 
formed  clusters  (Figs.  52  and  53).  They  are  the  only  crystals  in  urine 
which  have  a  yellow  color ;  they  may  vary  from  a  dark  orange  or 
brownish-yellow  to  a  pale  yellow,  but  they  are  never  colorless.  Uric- 
acid  crystals  cannot  be  considered  abnormal  in  quantity,  because  of 
spontaneous  crystallization,  unless  this  occurs  within  six  hours  after 
the  urine  has  been  voided  and  in  unusually  large  quantity. 

Urates. 

The  acid  urates  of  sodium  and  potassium  may  be  found  in  the 
sediment  of  acid  urine,  rarely  also  that  of  calcium.  Ammonium 
urate  is  nearly  always  found  in  alkaline  urine. 
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Sodium  urate  is  ofteuest  found  in  the  form  of  amorphous  {gran- 
ules, which  compose  the  "brick-dust"  deposit  and  are  very  insoluble; 
but  it  sometimes  occurs  in  the  form  of  fan-shajaed  or  stellate  clusters 
of  needle-like  crystals.  Potassium  acid  urate  occurs  only  in  amor- 
phous form,  constitutes  a  part  of  the  amorphous  urate  deposit,  and 
is  more  soluble  than  the  sodium  salt.  Calcium  acid  urate  occurs 
rarely,  in  acid  urine  only,  and  in  small  quantity,  as  an  amorphous, 
white  or  grayish,  \evy  insoluble  powder.  Heated  to  fusion,  it  is 
converted  into  calcium  carbonate. 

Ammonium    urate    occurs    in   dark-brown  crystalline   spheres, 
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Fig.  54.— Crystals  of  Animonium  Urate. 

studded  with  fine  spiculas  of  various  lengths,  which  are  known  as 
"  mulberry"  or  "  thorn-apple"  crystals  (Tig.  54).  It  occurs,  as  a  rule, 
in  alkaline  urine  and  in  company  with  amorphous  calcium  phosphate 
and  triple-phosphate  crystals.  It  is  the  only  urate  deposit  found  in 
alkaline  urine. 

Mixed  Urates. 

This  "  brick-dust"  or  "  Cayenne-pepper"  deposit  consists  of  a  gran- 
ular sediment,  having  a  reddish  color,  darker  than  that  of  the  urine 
in  which  it  is  found.  It  usually  forms  rapidly  as  the  urine  cools, 
and  may  remain  suspended,  forming  a  pellicle  on  the  surface  and 
clinging  to  the  sides  of  the  vessel  to  form  a  ring.  It  is  readily  dis- 
solved by  heat,  caustic  alkalies,  and  mineral  acids. 

Significance. — The  deposit  of  mixed  urates  by  no  means  always 
signifies  a  pathological  condition,  for  it  is  often  found  in  normal  urine 
that  has  stood  over  night  in  a  cold  room,  especially  in  winter.  Path- 
ologically, however,  it  occurs  in  febrile  states,  in  emaciating  diseases 
of  the  viscera,  especially  of  the  liver,  in  functional  disorders  of  the 
stomach,  and  during  the  acute  stage  of  gout. 


Calcium  Oxalate. 

Oxalate  of  lime  is  encountered  in  the  sediment  of  either  acid  or 
alkaline  urine,  often  associated  on  the  one  hand  with  uric  acid  or 
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urates,  or  with  tlie  triple-phosphate  crystals  on  the  other,  and  some- 
times with  albumin,  the  presence  of  which  has  been  attributed  to  the 
injury  produced  by  the  sharp  oxalate  crystals  in  their  passage  through 
the  urinary  tract.     Two  forms  of  calcium-oxalate  crystals  are  found : 

First,  beautiful,  small,  highly  refracting, 
octahedral,  "  envelope-shaped"  crystals ;  sec- 
ond, a  probably  transitional  form  of  circular 
or  ovoid  discs,  with  central  depressions  or 
"  dumbbell  crystals"  (Fig.  55). 

Although  these  crystals  may  usually  be 
distinguished  from  all  others  without  diffi- 
culty with  the  microscope,  confusion  may 
arise  in  the  presence  of  imperfectly  formed  triple-phosphate  crystals. 
A  drop  of  acetic  acid  allowed  to  flow  under  the  cover-glass  readily  dif- 
ferentiates between  them  by  dissoMng  the  triple  phosphate.  Calcium- 
oxalate  crystals  resist  the  action  of  acetic  acid,  alcohol,  water,  ether, 
and  alkalies,  but  they  are  dissolved  by  mineral  acids.  They  are 
differentiated  from  dumbbell  uric-acid  crystals  by  the  absence  of 
color  and  hj  their  insolubility  in  alkalies. 


Fig.  53. — Calcium-Oxalate 
Crystals. 


Phosphates. 

Only  the  alkaline  phosphates  are  found  in  urinary  sediments. 
These  occur  as  triple  phosphates  of  ammonium  and  magnesium  or  as 
calcium  phosphate.  Two  forms  of  triple-phosphate  crystals  maj"  be 
encountered,  but  the  form  most  frequently  seen  is  a  triangular  prism 


Fig.  56. —Crystals  of  Ammonium-Magnesium  Phosphates  (from,  a  camera-lucida  sketch), 
crystal  at  the  extreme  left  is  probably  calcium  phosphate. 


The 


having  bevelled  ends,  the  "coffin-lid"  crystals  (Fig.  56).  These  crys- 
tals are  sometimes  defective,  lacking  part  of  their  length  and  appear- 
ing almost  square,  or  one  or  more  corners  may  be  absent.  The  other 
form  is  rarely  met  vdih  and  consists  of  rosettes  or  star-shaped 
bunches  of  feathery  crystals  often  resembling  fern  leaves,  and  prob- 
ably representing  an  early  stage  of  crystallization.  They  are  found 
in  alkaline  urine.  "When  an  acid  reaction  is  detected  in  urine  con- 
taining triple  phosphates  it  is  probably  due  to  the  fact  pointed  out 
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by  Brims,  of  New  Orleans,  that  the  upper  stratum  of  the  urine  is 
acid,  while  the  lower  containing  the  phosphates  has  become  alkaline. 

Calcium  phosphate  occurs  either  as  a  whitish,  flocculent  sedi- 
ment which  the  microscope  resolves  into  irregular  collections  of 
minute,  nearly  colorless  granules;  or,  less  frequently,  in  crystalline 
form.  The  crystals  are  rod-shaped  when  single,  or  are  arranged  in 
clusters  of  various  forms,  rosettes,  stars,  sometimes  closely  massed 
into  clubs  or  wedges  in  which  the  lines  of  crystallization  may  remain 
visible. 

Phosphatic  sediment  is  most  frequently  found  when  the  urine  is 
alkaline  owing  to  the  presence  of  a  fixed  alkali  or  to  excess  of  the 
earthy  phosphates  themselves,  but  the  triple  phosphates  originate  in 
a  union  of  volatile  alkali,  ammonia,  and  magnesium  phosphate. 

Significance. — TMien  a  phosphatic  precipitate  occurs  in  urine 
which  is  alkaline  from  a  fixed  alkali,  we  usually  find  chiefly  calcium 
phosphate,  alone  or  with  some  triple-phosphate  crystals.  The  unne 
when  voided  is  generally  cloudy,  of  high  specific  gravity,  and  alkaline, 
liberating  gas  on  the  addition  of  an  acid.  This  condition  is  found  in 
the  debility  of  convalescence,  especiallj^  after  acute  disease,  or  in  af- 
fections attended  by  feeble  respiration.  It  may  arise  from  disordered 
digestion  with  fermentative  decomposition  of  food,  manifested  by  flat- 
ulence, constipation,  frequent  micturition,  sallowness,  and  despond- 
ency, headache,  backache,  and  emaciation.  In  the  so-called  phos- 
phatic diabetes,  the  deposit  of  calcium  phosphate  results  from 
excessive  elimination,  the  urine  being  abundant,  alkaline,  and  con- 
taining a  dense  white  deposit.  Roberts  regards  the  deposit  of  calcium 
phosphate  in  some  instances  as  an  indication  of  a  grave  disorder, 
cancer  of  the  pylorus,  tuberculosis,  or  it  maj^  result  from  such  a 
condition  as  exhaustion  from  acute  rheumatism. 

The  phosphatic  deposit  which  results  from  a  volatile  alkali,  the 
triple  phosphates,  is  a  result  of  the  decomposition  of  the  urine  some- 
where in  the  urinary  jjassages,  and  is  often  accompanied  hy  pus  and 
mucus.  The  symptoms  which  belong  to  the  condition  are  those 
which  result  from  suppurative  diseases  in  general,  or  from  inflam- 
matory and  obstructive  conditions  of  the  urinary  passages  in  i)artic- 
ular,  such  local  conditions  as  calculus  or  stricture,  enlarged  prostate, 
surgical  kidney,  or  it  may  be  a  disease  or  injury  of  the  spinal  cord. 

Cystin. 

Cystin  (CgH.NSO,),  closely  related  to  taurinand  probably  derived 
from  the  liver,  is  one  of  the  least  frequent  ingredients  of  urinary  de- 
posits.    It  occurs  either  in  six-sided  tabloid  crystals  of  opalescent 
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lustre,  with  tracings  of  secondary  crystallization,  and  often  arranged 
in  clusters  or  in  highly  refracting,  nearly  rectangular  plates.  The 
cr^^stals  are  soluble  in  caustic  alkalies,  in  oxalic  acid,  and  strong  min- 
eral acids.  They  may  be  differentiated  from  uric-acid  crystals, 
which  they  sometimes  resemble,  by  the  fact  that  a  drop  of  ammonia 
run  under  the  cover-glass  causes  their  solution,  from  which  they  re- 
crystallize  when  the  ammonia  has  been  removed  by  evaporation. 
This  test  yields  ammonium  urate  with  uric-acid  crystals.  Oxalic 
acid  or  hydrochloric  acid  applied  in  this  manner  dissolves  cystin, 
but  not  uric  acid. 

Significance.  — Little  can  be  said  in  regard  to  the  significance  of 
cystinuria  further  than  that  it  has  been  observed  in  chlorotic  women, 
strumous  children,  and  in  association  with  hepatic  disorders  and  grave 
renal  disease.  It  has  been  observed  to  prevail  in  certain  families. 
Cystin  is  not  infrequently  an  ingredient  of  vesical  calculi. 

Leucin  and  Tyrosin. 

Leucin  (CgHigNOJ  and  tyrosin  (CgH„NOg)  are  closely  related 
products  of  the  decomposition  of  proteids  or  of  their  derivatives. 

Leucin  occurs  in  yellowish,  highly  refracting  spherules,  resem- 
bling fat  globules,  though  less  refracting ;  but  in  a  pure  state  it  crys- 
tallizes in  irregular  scales  or  rosettes,  hav- 
ing a  greasy  feel.  Cystin  spherules  may 
be  distinguished  from  oil  globules  by  their 
insolubility  in  ether.  They  are  partly 
soluble  in  water  and  alcohol,  however, 
completely  soluble  in  caustic  alkalies,  and 
insoluble  in  mineral  acids. 

Fig.  57.— Leucin  Spherules  and  m  •  l    ■^^'  '      i^\       £  en 

Tyrosin  Crystals.  Tyrosiu  crystallizes  in  the  form  oi  line 

needles  arranged  in  sheafy  bundles ;  some- 
times in  alkaline  solution  in  the  form  of  rosettes  (Fig.  57).  It 
is  readily  soluble  in  hot  water,  acids,  and  alkalies;  feebly  soluble 
in  cold  water,  and  insoluble  in  alcohol  and  ether. 

Leucin  and  tyrosin  are  found  in  the  urine  in  some  cases  of  pro- 
longed suppuration  or  gangrene,  in  acute  yellow  atrophy  of  the 
liver,  phosphorus  poisoning,  leucocythsemia,  typhoid  fever,  tuber- 
culosis, and  rarely  in  cases  of  smallpox.  Ulrich  has  found  them 
repeatedly  in  normal  urine.  Bouchard  attaches  the  greatest  impor- 
tance to  leucin  in  all  cases  of  "uraemia,"  believing  that  the  toxic 
symptoms  are  attributable  to  leucin  poisoning  rather  than  to  urea 
poisoning. 
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Melanin. 

This  substance  is  a  black  pigment,  containing  carbon,  nitrogen, 
iron,  and  sulphur.  It  occurs  as  a  sediment  in  small  granules,  which 
are  insoluble  in  cold  alcohol,  ether,  acetic  acid,  and  dilute  mineral 
acids ;  but  soluble  in  boiling  acetic,  lactic,  and  mineral  acids,  and  in 
strong  solutions  of  ammonium,  sodium,  or  potassium  hydroxide. 
The  urine  containing  melanin  is  not  always  dark  colored  when  voided, 
but  becomes  so  on  exposure  to  the  air  or  when  treated  with  such  oxi- 
dizing agents  as  sulphuric  or  hj^drochloric  acid  or  ferric  chloride. 
The  addition  of  bromine  water  to  the  urine  containing  it  produces  a 
yellow  precipitate,  which  gradually  becomes  black.  The  addition  of 
a  solution  of  ferric  chloride  jdelds  a  dark-brown  cloudiness  or  a  pre- 
cipitate which  is  redissolved  by  an  excess  of  the  reagent,  the  extent 
of  the  reaction  corresponding  to  the  quantity  of  melanin  present. 
The  addition  of  a  solution  of  sodium  nitroprusside,  followed  by  po- 
tassium hydroxide,  produces  a  pink  or  red  color,  which  turns  blue  on 
the  addition  of  an  acid,  the  reaction  being  due,  however,  to  the  pres- 
ence of  some  other  substance  which  accompanies  the  pigment,  and 
not  to  the  melanin  itself. 

Melanuria  is  an  almost  constant  feature  in  the  presence  of  mela- 
notic sarcoma  or  carcinoma,  but  sometimes  occurs  in  intermittent 
fever  of  chronic  type  and  in  wasting  diseases. 

Fat. 

A  small  amount  of  fatty  matter,  palmitin  and  stearin,  is  present 
in  normal  urine ;  it  is  somewhat  increased  in  the  urine  of  pregnant 
women,  and  probably  sometimes  as  a  result  of  the  ingestion  of  much 
fat  with  the  food.  It  appears  in  the  urine  in  the  form  of  highly 
refracting  globules  of  various  sizes,  with  dark  margins,  wdiich  are 
soluble  in  ether,  benzol,  chloroform,  carbon  disulphide,  and  hot  alco- 
hol. Much  fat,  as  occurs  in  chyluria,  gives  the  urine  a  milky  ap- 
pearance, which  is  cleared  up  by  shaking  it  with  ether.  Chylous 
urine  often  has  a  pinkish  color,  owing  to  admixture  of  blood,  and  on 
standing  yields  a  thick,  supernatant  layer  resembling  cream,  with  a 
reddish  sediment.  Oil  globules  are  not  seldom  discovered  in  the  urine 
of  chronic  parenchymatous  nephritis ;  oftener  in  that  from  the  large, 
white,  fatty  kidney  in  phosphorus  poisoning  and  in  diabetes  mellitus. 
Ebstein  found  fat  in  the  urine  in  a  case  of  hydronephrosis ;  Hender- 
son in  three  cases  of  heart  disease.  Free  fat  may  occur  from  the 
passage  of  fatty  casts  or  fatty  epithelium.     Lipuria  sometimes  oc- 
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curs  in  pancreatic  disease,  and  mav  precede  the  appearance  of  fatty 
stools.  It  lias  been  observed  in  acute  yellow  atrophy  of  the  liver, 
accompanied  by  renal  degeneration.  It  is  often  produced  by  bone 
fractures,  especially  in  comminuted  fractures  and  during  their  repair. 

Anatomical  Sediments. 

Epitheliiim:. 

A  greater  or  less  number  of  epithelial  cells  are  almost  invariably 
found  in  urinary  sediments,  whether  the  urine  be  normal  or  patholog- 
ical. Those  found  in  normal  urine  come,  for  the  most  part,  from  the 
bladder  and  urethra.  An  attempt  is  no  longer  made  to  distinguish 
with  precision  between  the  different  types  of  cells,  with  a  view  to  de- 


FiG.  58. — Types  of  Epithelium  Found  in  Urinary  Sediment,    a,  From  the  kidney  and  ureter;  b, 
from  the  bladder ;  c,  from  the  vagina. 


termine  their  origin.  Each  division  of  the  urinary  tract  has  its  typi- 
cal surface  epitheliiim;  but  of  no  cell  can  it  be  said  that  it  is  found 
in  one  division  alone,  especially  in  the  presence  of  a  diseased  condi- 
tion, for  immature  or  transitional  cells  from  the  deeper  layers  may 
then  appear  in  the  urine. 

There  are  three  principal  types  of  cells :  1.  Small,  round,  sphe- 
roidal, granular  cells,  having  comparatively  large  nuclei  and  excen- 
trically  located  nucleoli,  occurring  singly  or  in  attached  groups,  and 
not  infrequently  showing  fatty  degeneration  as  a  result  of  disease. 
This  type  of  cell  is  found  in  the  convoluted  tubule  of  the  healthj^ 
kidney,  but  may  come  also  from  the  deeper  layers  of  the  mucous 
membrane  of  the  renal  pelvis,  bladder,  ureter,  or  male  urethra.  They 
are  larger  than  pus  cells  and  have  but  a  single  nucleus.  It  is  oulj^  in 
the  presence  of  albuminuria  and  other  evidences  of  renal  disease  that 
their  origin  can  be  referred  to  the  kidney. 

2.  Nucleated  columnar  epithelium,  irregularly  spindle,  conical, 
cylindrical,  or  caudate  in  form,  the  cells  occurring  singly  or  in 
groups.  They  may  be  derived  from  the  superficial  layer  of  the  mu- 
cous membrane  of  the  renal  pelvis  or  from  the  deeper  layers  of  the 
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ureters,  bladder,  or  urethra — from  any  part  of  the  urinary  tract  but 
the  kidnej'. 

3.  Large,  flat,  irregular  or  rounded,  squamous  or  pavement  epi- 
thelium, having  a  single  distinct  nucleus,  usually  centrally  located. 
These  are  derived  from  the  bladder  or  from  the  vagina,  the  vaginal 
cells  being  usually  larger  than  those  of  the  bladder. 

Significance. — Although  the  type  of  ejiithelium  discovered  in  the 
urinary  sediment  does  not  furnish  us  positive  evidence  of  the  region 
affected,  it  nevertheless  affords  us,  in  many  instances,  valuable  infor- 
mation of  the  character  of  the  disease.  In  acute  congestion  of  the 
kidney,  for  example,  and  in  acute  parenchymatous  or  diffuse  nephri- 
tis, especially  in  the  scarlatinal  form  of  the  disease,  a  large  number 
of  spherical  epithelial  cells  from  the  convoluted  tubules  appears  in  the 
urine,  most  of  the  cells  as  a  rule  being  nearly  normal  in  appearance. 
The  same  cells  appear  in  the  chronic  form  of  diffuse  nephritis,  but  in 
a  more  or  less  degenerated  condition,  containing  fat  in  granular  form, 
sometimes  in  minute  globules.  Not  infrequently  the  cells  are  more 
or  less  disintegrated,  appearing  in  fragmentary  form.  They  often 
adhere  to  renal  casts,  or  apparently  of  themselves  form  the  casts. 
Chronic  interstitial  nephritis  is  characterized  by  an  almost  entire  ab- 
sence of  renal  epithelium  in  the  urine.  The  same  is  true  of  amyloid 
disease  of  the  kidnej^,  when  uncomplicated.  In  pyelitis  and  disease 
of  the  pelvis  of  the  kidney  much  epithelium  is  found,  both  of  the 
round-celled  variety  and  of  the  spindle  or  caudate  cells,  the  latter  be- 
ing of  especial  diagnostic  value.  In  cystitis  and  other  inflammatory 
diseases  of  the  bladder  the  flat  cells  predominate,  columnar  cells  be- 
ing also  found  when  the  disease  is  so  severe  as  to  cause  desquamation 
of  the  deeper  layers  of  the  mucous  membrane. 

Pus. 

Pus  may  enter  the  urine  from  any  part  of  the  urinary  tract  and 
appear  as  a  sediment.  It  may  come  from  the  free  mucous  surface, 
from  an  ulcer,  or  from  inflamed  tissues.  The  urine  is  turbid  when 
voided,  and  yields  the  reactions  of  albumin.  No  positive  distinction 
can  be  made  between  the  appearances  of  pus  corpuscles,  leucocytes, 
and  lymph  cells.  The  pus  cells  appear  as  pale,  finelj'  granular, 
spherical  cells,  about  as  large  as  a  leucocj^te,  containing  a  single  nu- 
cleus, often  two  or  three  nuclei.  Water  causes  them  to  swell  and  be- 
come more  delicate  in  outline ;  acetic  acid  acts  in  the  same  manner,  at 
the  same  time  rendering  the  nuclei  more  distinct  and  causing  the 
granular  matter  to  disappear.  As  urinary  sediment  pus  cells  are 
dead  and  do  not  exhibit  the  amoeboid  movements  which  they  may 
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have  in  a  fresh  state.  Ammonium  and  potassium  cause  pus  corpus- 
cles to  swell  and  coalesce  into  a  glairy,  sticky  mass,  in  wliicli  the  nu- 
clei only  are  visible  with  the  microscope.  Hence,  in  the  presence  of 
ammoniacal  decomposition  of  the  urine,  pus  cells  may  not  be  discov- 
ered on  microscopic  examination,  but  the  pus  will  be  found  as  a  slimy 
mass,  so  tenacious  as  to  adhere  to  the  sides  of  the  vessel.  This  fact 
is  the  basis  of  Donnes'  test  for  pus,  which  is  made  by  pouring  off  the 
supernatant  fluid  and  treating  the  sediment  with  liquor  potassse.  A 
sticky,  gelatinous  mass  is  found  if  the  deposit  be  pus. 

Quite  a  number  of  substances  have  been  found  as  ingredients  of 
pus,  chiefly  albuminous  bodies,  the  most  abundant  of  which  is  nucleo- 
albumin.  Lecithin,  cholesterin,  santhin  bodies,  fat,  soaps,  and  cere- 
brin  have  been  isolated,  and  another  albuminous  body  which  coagu- 
lates at  49°  C.  In  pus  from  old  stagnated  abscesses  there  are  peptone, 
leucin,  tyrosin,  fixed  and  volatile  fatty  acids  (formic,  butyric,  and 
valerianic),  and  pyin. 

Hottinger  has  shown  that  from  40,000,000  to  150,000,000  pus  cor- 
puscles may  be  discharged  in  the  urine  in  a  single  day  from  an  indi- 
vidual whose  blood  would  not  afford  more  than  from  25,000,000  to 
50,000,000  leucocytes,  thus  affording  a  strong  argument  in  support  of 
the  local  origin  of  pus. 

The  turbidity  of  urine  containing  pus  may  be  mistaken  for  that 
due  to  earthy  phosphates  or  granular  urates.  From  the  former  it  is 
distinguished  by  the  addition  of  an  acid  which  dissolves  earthy 
phosphates,  but  coagulates  the  albuminous  constituents  of  pus ;  from 
the  urates  it  may  be  distinguished  by  heat,  which  also  coagulates  al- 
buminous substances  but  dissolves  urates. 

Clinical  Significance.  — This  is  exceedingly  variable.  We  must  first 
ascertain  the  source  of  the  pus,  which  is  sometimes  possible  from  the 
presence  of  accompanying  distinctive  substances.  Pus  from  the  kid- 
ney is  more  usually  present  in  acid  urine,  is  more  uniformly  mingled 
with  the  urine  when  voided  than  is  that  from  the  lower  passages,  and 
may  be  accompanied  by  round  epithelial  cells  and  casts,  the  latter 
being  of  especial  diagnostic  significance ;  the  absence  of  vesical  symp- 
toms is  also  important.  The  most  frequent  renal  lesions  producing 
pyuria  are  chronic  diffuse  inflammation,  tuberculosis,  renal  abscess, 
pyonephrosis,  pyelonephritis,  and  cancer. 

When  the  pyuria  is  of  vesical  origin,  the  urine  is  often  ammoni- 
acal when  voided,  and,  owing  to  accompanying  mucus,  the  uiine  is 
more  tenacious  than  that  of  renal  pyuria.  Triple-phosphate  crystals 
and  bladder  epithelium  are  almost  always  present,  the  former  often  in 
great  abundance.  Cystitis  of  every  form,  whether  due  to  stone,  neo- 
plasm, retention,  or  tuberculosis,  is  a  common  cause  of  the  condition. 
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If  the  iirine  contain  long  threads  of  pus,  the  disease  is  probably  lo- 
cated in  the  prostate.  Pus  from  the  urethra  is  usually  easily  recog- 
nized, and  may  be  determined  by  examination  of  the  urethra  or  the 
discovery  of  gonococci. 

The  best  means  of  determining  the  quantity  of  pus  discharged  in 
the  urine  is  by  the  use  of  the  centrifuge,  which  shows  the  exact  per- 
centage of  pus  present.  A  fairl}^  close  estimate  may  be  made  by 
counting  the  number  of  corpuscles.  The  number  of  pus  cells  varies, 
according  to  Hottinger  {Zeitschriftfiir  diemedicinisclien  Wissenschaften, 
No.  15,  1893),  from  1,400  in  a  cubic  centimetre  of  urine  from  a  mild 
case  of  cystitis  to  150,000  in  that  from  a  severe  vesical  catarrh  result- 
ing from  cancer.  When  exceeding  40,000  per  cubic  centimetre  the 
urine  should  be  diluted  with  a  three-per-cent.  salt  solution,  an  acid  re- 
action being  retained  to  prevent  disintegration  of  the  cells.  As  already 
stated,  the  number  of  pus  cells  discharged  in  a  day  may  far  exceed 
the  probable  number  of  leucocytes  present  in  the  entire  blood  circula- 
tion of  the  individual.  Goldberg  (loc.  cit.,  No.  36)  makes  an  impor- 
tant addition  to  the  method  of  Hottinger,  hy  which  it  is  possible  to 
detect  an  albuminuria  of  renal  origin  notwithstanding  the  presence  of 
pus.  He  found  that  the  presence  of  100,000  pus  cells  in  a  cubic  cen- 
timetre of  urine  produced  one  per  cent,  of  albumin.  If,  therefore, 
the  percentage  of  albumin  be  one  per  cent,  or  greater  in  the  presence 
of  50,000  pus  cells  to  a  cubic  centimetre,  the  albuminuria  cannot  be 
altogether  the  result  of  the  suppuration. 

Blood. 

Blood  corpuscles  may  find  their  way  into  the  urine  from  any  part 
of  the  urinary  passages,  or  may  be  accidentally  present,  as  during 
menstruation.  When  abundant  they  give  more  or  less  characteristic 
appearances  to  the  urine,  the  color  varying 

fro'm  a  dark-red  or  smoky  hue  in  acid  urine  @    '%/pm^  r\r\ 

to  a  bright  red  in  that  which  is  alkaline :  or     (J^  ®   '  r^  r^h. 

there  may  be  a  reddish-brown  granular  sedi-       (^  ^^^^mk^' 
ment.      Coagula  are  found  especially  when         ^  ^®tf^  ^ 
the  hemorrhage  has  occurred  in  the  ureter  or  ©  0  ®  ^(^@^ 

urethra,  sometimes  when  in  the  bladder,  fig.  59.— Biood  ceiis  and  Biood 
Chemical  tests  always  reveal  albumin.     The  ^^*^" 

corpuscles,  usually  scattered  singly  over  the  field  of  the  micro- 
scope in  renal  hemorrhage,  rarely  in  rouleaux,  exhibit  the  character- 
istic appearance  of  yellowish  biconcave  discs,  with  an  occasional 
leucocyte  not  easily  distinguished  from  other  spherical  bodies  (Fig. 
59) .     Their  form  is  best  preserved  in  acid  urine,  and  as  the  speci- 
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men  becomes  old  their  edges  become  dentated.  This  appearance  is 
more*  pronounced  in  concentrated  urine.  In  urine  of  low  density,  on 
the  other  hand,  they  often  swell  and  become  biconvex  or  spherical  in 
form,  at  the  same  time  losing  their  color. 

One  of  the  most  reliable  methods  of  determining  the  quantity  of 
blood  present  in  the  urine  is  by  the  use  of  the  centrifuge.  From  the 
ratio  of  blood  to  urine  the  entire  quantity  lost  in  twenty-four  hours 
may  be  calculated.  If,  however,  more  than  two  minutes  be  consumed 
in  centrifugal  sedimentation,  some  of  the  blood  corpuscles  will  be  de- 
stroyed. 

Goldberg  has  applied  the  method  of  Hottinger  to  the  estimation 
of  the  quantity  of  blood  in  the  urine,  counting  the  number  of  corpus- 
cles. The  count  must  be  made  immediately  after  the  urine  has  been 
voided  to  obtain  accurate  results.  The  estimation  of  the  percentage 
of  blood  is  comparatively  easy.  If,  for  example,  1  c.c.  of  urine  is 
found  to  contain  50,000  blood  discs,  it  is  evident  that  one  per  cent. 
of  blood  is  present,  since  the  normal  number  of  corpuscles  in  1  c.c. 
of  blood  is  5,000,000.  Each  100  c.c.  of  the  urine  would  therefore 
contain  1  c.c.  of  blood,  providing  that  the  blood  of  the  individual  be 
normal.  Goldberg  extends  his  method  further  to  the  determination 
of  albuminuria  of  renal  origin  in  the  presence  of  blood  from  another 
source. 

Clinical  Significance. — The  clinical  significance  of  hsematuria  nec- 
essarily depends  upon  the  source  of  the  blood ;  this  must  therefore  be 

Fig.  60. — Peculiar  Forms  of  Blood  Corpuscles  Found  in  Hsematuria  of  Renal  Origin. 

(Gumprecht. ) 

first  determined.  Eenal  calculi,  wherever  located,  sooner  or  later,  as 
a  rule,  induce  the  presence  of  blood  in  the  urine,  most  frequently 
soon  after  exercise,  pus  cells  generally  being  present  at  the  same  time. 
Other  causes  of  hEematuria  are  renal  abscess,  embolism,  hydatids, 
traumatism,  acute  infections,  purpura  hsemorrhagica,  phlebitis  of  the 
crural  or  uterine  veins,  and  the  ingestion  of  such  drugs  as  turpentine 
or  cantharides  in  large  doses. 

The  kidney  is  almost  certainly  the  source  of  the  blood  if  the 
urine  be  of  low  specific  gra^dty,  acid  in  reaction,  of  a  homogeneous, 
brownish  or  smoky  color,  and  if  it  contain,  in  addition  to  blood, 
renal  casts  and  renal  epithelium.  The  discovery  of  blood  casts  ren- 
ders this  conclusion  positive.  Gumprecht  has  found  that  iu  renal 
hsematuria  the  red  blood  discs  are  less  numerous  than  in  that  of 
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vesical  origin  and  that  they  almost  invariably  undergo  fragmentation 
as  a  result  of  the  action  of  urea.  They  often  assume  swollen  and 
peculiar  forms  also  (Fig.  GO) ,  while  in  vesical  hsematuria  these  cells 
show  no  alteration  beyond  crenation. 

In  the  acute  forms  of  nephritis  blood,  although  generally  present, 
is  found  in  only  small  quantity  and  only  until  the  subsidence  of  the 
more  acute  manifestations  of  the  disease.  Hematuria  almost  never 
occurs  in  chronic  diffuse  nephritis,  but  is  comparatively  frequent  and 
exceedingly  persistent  in  malignant  and  cystic  diseases  of  the  kidney. 
It  sometimes  occurs  in  amyloid  disease  and  in  syphilitic  granuloma. 
Hemorrhage  due  to  tuberculous  disease  of  the  kidney,  by  no  means  in- 
frequent, is  usually  intermittent  in  occurrence,  and  the  urine  contains 
pus,  tissue  debris,  and  tubercle  bacilli.  Profuse  hsematuria  has  re-. 
cently  been  observed  as  an  initial  symptom  of  tuberculous  nephritis. 
Finall}',  a  certain  number  of  cases  must  be  attributed  to  a  hemor- 
rhagic diathesis. 

Urinaey  Casts. 

Renal  or  tube  casts  are  small,  translucent,  cjdindrical  bodies,  of 
variable  length,  varj'ing  in  width  from  one-thousandth  to  one-five- 


Fig.  61. — Renal  Casts,     a.  Hyaline;  6,  granular;  c,  epithelial. 

hundredth  of  an  inch,  rarely  larger;  straight,  curved,  or  twisted  in 
form,  and  often  found  in  the  urine.  There  are  three  views  in  regard 
to  their  nature.  In  the  first  place,  they  are  looked  upon  as  moulds  of 
the  renal  tubules,  caused  by  the  packing  of  the  debris  of  disintegrated 
epithelium,  blood,  etc.,  into  the  tubules  under  the  pressure  of  the 
urine,  which  finally  forces  the  cast  out  into  the  collecting  tubule  and 
on  through  the  lower,  passages.  The  second  view  is  that  the  casts  are 
a  product  of  the  secretion  of  the  epithelial  cells  of  the  tubules,  under 
the  stimulus  of  inflammatory  irritation  or  as  a  result  of  faulty  meta- 
morphosis. The  third  and  more  tenable  theory  is  that  casts  are  a 
product  of  certain  coagulable  elements  of  the  blood,  which  gain  access 
to  the  uriniferous  tubules  through  pathological  lesions  of  the  tubules 
or  of  the  blood-vessels,  the  various  crystals  and  products  of  epithelial 
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disintegration  or  desquamation  which  are  often  presen  being  simply 
entangled  in  this  material  as  it  coagulates.  Of  the  nature  of  this 
coagulable  substance  we  know  but  little.  It  is  evidently  closely  al- 
lied to  the  proteids,  although  it  is  not  identical  with  any  that  have 
been  isolated.  Albumin  is  very  rarely  if  ever  absent  from  urine  con- 
taining true  renal  casts.  Three  principal  varieties  of  casts  are  recog- 
nized (Fig.  61) : 

1.  Hyaline  casts,  clear,  homogeneous,  or  very  finely  granular  in 
appearance,  often  so  delicate  in  outline  as  to  be  recognized  with  some 
difficulty  under  the  microscope. 

2.  Casts  consisting  largely  of  anatomical  elements,  epithelium, 
blood,  pus,  bacteria,  and  known  as  epithelial  casts,  blood  casts,  etc. 
■  3.  Granular  casts,  consisting  largely  of  the  products  of  the  disin- 
tegration of  such  anatomical  elements  as  epithelium  and  blood,  and 
including  all  casts  having  a  distinctly  granular  appearance.  The  fatty 
cast  is  usually  assigned  to  this  class. 

Hyaline  Casts. — These  are  exceedingly  pale,  almost  perfectly 
translucent,  homogeneous  or  very  finely  granular  cylinders,  often 
difficult  of  detection  unless  their  presence  is  revealed  by  attached  epi- 
thelium or  other  adherent  matter.  Their  nature  and  origin  remain 
alike  obscure,  but  they  are  probably  derived  from  the  coagulable  ele- 
ments of  the  blood  already  referred  to,  and  they  possibly  form  the 
basis  or  matrix  of  most  other  kinds  of  casts.  The  experiments  and 
investigations  of  Ribbert  tend  to  prove  that  they  consist  of  serumal- 
bumin,  which,  after  being  exuded  into  the  tubules,  has  undergone 
coagulation,  under  the  influence  of  certain  chemical  conditions.  The 
facts  that  they  are  probably  never  found  in  the  absence  of  albumin 
and  that  they  are  soluble  in  acetic  acid,  both  lend  support  to  this 
theory.  Hyaline  casts  may  be  long  and  slender,  or  shorter  and 
broad,  their  shape  depending,  no  doubt,  upon  that  of  the  tubules  in 
which  they  are  formed.  The  long  cylinders  are  supposed  to  come 
from  the  small  tubules  of  the  kidney,  the  broad  casts  from  the  straight 
■or  collecting  tubules. 

The  ivaxy  cast  closely  resembles  the  hyaline,  but  differs  from  it  to 
some  extent  in  appearance  and  chemical  reaction,  being  more  highly 
refracting,  often  cloudy,  rather  longer  and  broader,  and  being  marked 
by  indentations  or  constrictions  along  its  margins,  and  not  being  sol- 
uble in  acetic  acid.  Sometimes  it  yields  the  reaction  of  amyloid 
degeneration  when  treated  with  compound  iodine  solution  or  with 
methyl  violet,  a  reaction  which  does  not,  however,  signify  the  exis- 
tence of  amyloid  disease  of  the  kidneys  (Fig.  62,  a) . 

GranukiT  Ga^ts. — These  casts  also  vary  in  size,  shape,  and  color, 
as  well  as  in  the  fineness  of  their  granular  matter,  and  often  appear 
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in  fragmentary  condition,  as  may  be  recognized  by  the  broken  ap- 
pearance of  their  extremities.  White,  yellow,  gray,  and  brown  are 
the  most  frequent  colors.  Epithelium,  blood,  leucocytes,  fat  glob- 
ules or  crystals  may  be  found  adhering  to  their  surface  (Fig.  61,  Z>). 

Fatty  Casts.-^Hhis  name  is  given  to  casts  which  are  made  up 
chiefly  of  oil  globules  or  fat  crystals,  both  forms  of  fat  being  some- 
times present  in  the  same  cast  (Fig.  62,  h) . 

Epithelial  Casts. — These  are  usually  easily  recognized.     They  may 


Fig.  62.— Renal  Casts,    a,  Waxy  ;   6,  fatty  ;  c,  amorphous  urate  and  other  false  casts. 


have  the  appearance  of  being  made  uj)  entirely  of  epithelial  cells,  or 
they  may  have  a  homogeneous,  hyaline,  interior  part  or  core,  to 
which  the  epithelial  cells  adhere.  Another  form  (pseudocasts)  is 
occasionally  met  with,  which  appears  to  consist  of  the  epithelial  lin- 
ing of  a  portion  of  a  tubule  which  has  become  detached  without  sep- 
aration of  the  individual  cells.  In  appearance  the  epithelial  cells 
may  be  fairh'  normal,  or  they  may  show  various  degrees  of  degener- 
ation, indicated  by  the  presence  in  them  of  finely  granular  or  molec- 
ular fat. 

Blood  casts  are  usually  short,  uniform  in  diameter,  with  rounded 
ends.  They  are  of  comparatively  infrequent  occurrence,  and  are 
found  without  difficulty,  except  in  the  presence  of  a  large  number  of 
free  blood  cells. 

Fas  Casts. — Casts  made  up  entirely  of  pus  are  rarely  seen.  Ordi- 
narih'  a  few  pus  cells  are  found  adhering  to  the  surface  of  the  granu- 
lar or  epithelial  casts. 

Bacterial  Casts. — Casts  composed  largely  of  micrococci  are  occa- 
sionally met  with.  Under  moderate  magnification  they  closelj^  re- 
semble the  graiiular  casts,  although  they  are  usuallj'  more  opaque ; 
but  with  a  high  power  of  the  microscope  they  can  readily  be  distin- 
guished. Another  distinguishing  feature  is  the  fact  that  they  resist 
the  action  of  strong  mineral  acids  and  caustic  alkalies. 

Clinical  Significance. — The  presence  of  renal  casts  is  always  indic- 
ative of  a  pathological  condition,  the  gravity  of  which  is  to  be  esti- 
mated in  part  by  the  character  of  the  casts  present,  but  to  a  greater 
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extent  by  the  character  of  accompanying  conditions.  Their  presence 
in  albuminuria  denotes  the  renal  origin  of  the  albumin,  and  adds  to 
the  gravity  of  the  latter  symptom,  unless  only  a  few  hyaline  casts  be 
present  without  the  accompaniment  of  other  morphological  elements 
than  a  few  normal  epithelial  cells.  The  association  of  granular  casts, 
fatty  casts,  or  free  or  attached  fatty  degenerated  epithelium  always 
denotes  the  existence  of  a  nephritis,  usually  chronic  in  character.  In 
the  presence  of  more  than  a  trace  of  albumin,  hyaline  casts  alone  sig- 
nify a  disturbance  of  renal  blood  pressure,  congestion,  or  an  acute 
nephritis. 

The  presence  of  epithelial  casts  in  the  urine  denotes  an  inflamma- 
tory condition  of  the  region  from  which  they  are  derived.  If  this  in- 
flammation be  of  chronic  form,  the  epithelium,  as  a  rule,  shows  a 
fatty  change ;  fatty  and  granular  casts  may  also  be  present. 

The  significance  of  blood  casts  is  the  same  as  that  of  hgematuria. 
While  they  do  not  afford  positive  evidence  of  organic  renal  disease, 
they  frequently  depend  upon  an  acute  productive  nephritis,  especially 
that  of  scarlatina,  and  they  are  the  most  positive  evidence  that  a 
hsematuria  is  of  renal  origin.  Casts  containing  melanin  may  occur  in 
melanuria,  with  degenerative  changes  in  the  kidney,  or  as  a  result  of 
melanotic  neoplasms.  Pus  casts  denote  suppurative  disease  of  the 
kidney. 

Granular  casts,  as  a  rule,  denote  a  chronic  disease  of  the  kidneys, 
such  as  advanced  diffuse  nephritis.  Kiedel  considers  the  occurrence 
of  brown  casts  pathognomonic  of  fracture. 

Bacterial  casts  denote  a  septic  inflammation  of  the  kidneys,  often 
that  resulting  from  an  infarction  or  an  ascending  pyelonephritis. 

The  waxy  cast  may  occur  in  any  form  of  renal  disease,  and  is  never 
pathognomonic  of  amyloid  disease,  as  was  once  supposed. 

False  Casts  or  Gylindfoids. — Various  bodies,  more  or  less  closely 
resembling  renal  casts,  have  been  described  under  various  names. 
They  are  supposed  by  different  authors  to  consist  of  coagulated  mu- 
cus, or  of  the  secretion  of  glands  along  the  urinary  tract  or  the  semi- 
nal tubules.  They  are  probably  due  in  most  instances  to  the  pres- 
ence of  local  inflammatory  processes,  short  of  organic  lesions  in  the 
kidney  or  lower  urinary  passages.  They  often  occur  without  albu- 
minuria. They  are  usually  seen  in  the  form  of  long,  flat,  wavy,  or 
tortuous  bands,  often  branching,  colorless,  and  seldom  showing  ad- 
hering cells.  They  are  not  regarded  as  of  serious  import.  Mention 
should  also  be  made  of  the  cast-like  bodies  composed  of  amorphous 
urates,  which  Leube  asserts  may  be  obtained  from  any  urine  by  con- 
densing it  in  vacuo  at  a  temperature  between  37°  and  39°  C. 
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Method  of  Examining  for  Casts. 

The  failure  to  find  casts  in  albuminous  urine  is  very  often  a  result 
of  faulty  sedimentation  or  of  too  long  delayed  examination.  It  is 
here  that  the  centrifuge  is  of  greatest  service,  since  it  enables  us  to 
make  a  microscopic  examination  immediately,  before  the  casts  have 
been  attacked  by  bacteria  or  affected  by  the  development  of  alkalinity. 

A  drojj  of  the  urinary  sediment  is  placed  on  a  glass  slip  and  ex- 
amined without  a  cover,  or  it  may  be  placed  in  a  shallow  cell  and  the 
cover-glass  placed  over  it.  The  cells  of  slips  prepared  for  the  hang- 
ing drop  are  too  deep  for  examination  with  a  high  power,  and  a  piece 
of  a  hair  placed  under  each  side  of  the  cover  will  answer  the  purpose 
of  the  cell.  A  moderately  low  power  should  first  be  used  to  deter- 
mine whether  casts  are  present ;  then  a  high  power  to  determine  their 
nature.  The  slip  and  cover-glass  must  be  strictly  clean,  and  all  ex- 
cess of  fluid  should  be  removed  from  the  edges  of  the  cover  with  a 
piece  of  blotting  paper.  The  light  should  not  be  too  bright,  and  maj 
often  be  used  to  advantage  when  thrown  from  a  point  a  little  to  one 
side,  so  that  it  passes  obliquely  through  the  specimen,  even  though 
only  a  portion  of  the  field  be  illuminated.  The  hj'aline  cast  in  pav- 
ticular  requires  this  method  of  illumination.  By  turning  the  fine 
adjustment  screw  back  and  forth  over  a  small  part  of  a  revolution, 
the  outline  of  objects  is  more  easily  recognized.  The  exact  form  of  a 
body  may  sometimes  be  determined  by  carefully  touching  the  cover- 
glass  with  a  needle,  thus  causing  the  body  to  move  or  roll  over.  It 
is  rarely  necessary  or  advantageous  to  resort  to  the  use  of  the  stain- 
ing processes  recommended  by  some  writers ;  but  the  presence  of  a 
little  bile  j^igment  in  the  urine  frequently  renders  accompanying  casts 
beautifully  brilliant  and  distinct. 

If  a  stain  is  desired,  all  that  is  usually  necessary  is  the  addition 
of  a  drop  of  a  weak  solution  of  one  of  the  aniline  dyes  to  the  sedi- 
ment. Grosz,  of  Vienna,  has  obtained  the  best  results  from  the  use 
of  alizarin.  To  a  drop  of  the  sediment  on  a  slip  a  drop  of  a  one-per- 
cent, solution  of  sodium  alizarin  sulphonate  is  added.  Elements  of 
acid  reaction  appear  yellow ;  those  of  alkaline  reaction,  violet ;  those 
of  neutral  or  of  only  feebly  acid  reaction,  red.  Benal  casts  stain  yel- 
low, and,  according  to  Grosz,  may  be  thus  distinguished  from  mucin 
cylindroids,  which  appear  red.  The  same  variation  of  color  is 
brought  out  in  epithelial  cells  in  urine  of  different  reactions. 

Spermatozoa. 

Spermatozoa  are  little  thread-like  bodies,  about  one-six-hundredth 
of  an  inch  long,  with  flattened,  oval  heads.     Under  favorable  condi- 
VoL.  VII.— 49 
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tions  of  warmth  and  moisture  tliey  exhibit  a  vermicular  motion  for 
many  hours,  but  are  usually  devoid  of  motion  when  found  in  urinary 
sediments.  Strong  acids,  alkalies,  alcohol,  and  water  have  the  power 
to  destroy  their  motion.  They  dissolve  in  boiling  potassium-hy- 
droxide solution,  but  not  in  sulphuric,  acetic,  or  nitric  acid,  or  in  hot 
sodium  solution.  When  very  abundant  the  seminal  fluid  causes 
slight  turbidity  of  the  urine,  or  a  whitish  sediment  giving  a  strong 
reaction  of  phosphates. 

Significance. — The  presence  of  spermatozoa  in  the  urine  denotes 
contamination  with  spermatic  fluid.  Their  discovery  in  the  urine  of 
a  woman  may  have  medico-legal  value.  They  are  always  found  in 
the  discharge  of  true  spermatorrhoea;  they  sometimes  occur  as  a 
result  of  the  compression  of  the  seminal  ducts  by  the  passage  of  hard- 
ened faeces  from  the  rectum,  and  cases  have  been  reported  of  their 
presence  in  the  urine  as  a  result  of  stricture  with  urethral  dilatation 
above  the  stricture.  Injury  or  disease  of  the  spine,  ansesthesia,  and 
epileptic  seizures  are  often  followed  by  the  appearance  of  spermato- 
zoa in  the  urine.  (Many  of  the  subjects  considered  in  this  section 
will  be  found  more  fully  treated  in  the  chapter  on  Diseases  of  the 
Urine,  Yol.  I.,  p.  527.) 

Fragments  of  Tumors. 

The  urine  sometimes  contains  fragments  or  disintegrated  matter 
from  tumors  of  the  bladder;  rarely  from  those  of  the  kidney.  Frag- 
ments of  carcinomata  and  of  papillomata  have  been  thus  recognized. 
Unfortunately,  however,  these  fragments  are  usually  too  small,  or 
they  are  in  too  advanced  a  state  of  degeneration  to  permit  an  accu- 
rate determination  of  their  character;  and  positive  diagnosis  from 
mere  fragments  is  never  justifiable,  owing  to  the  fact  that  the  surface 
layer  of  a  neoplasm  is  not  always  of  the  same  type  as  the  tumor 
proper.  Senn's  remark  that  "The  greatest  blunders  in  diagnosis 
and  treatment  have  been  committed  by  surgeons  of  eminence  through 
placing  too  great  reliance  on  the  microscopic  examination  of  frag- 
ments of  tumor  tissue"  is  applicable  here. 

Fragments  of  the  villous  papilloma  may  sometimes  be  voided 
with  the  urine,  or  may  be  torn  away  with  the  catheter.  This  growth 
is  formed  of  branching  papillae  covered  with  transitional  epithelium, 
the  superficial  layers  of  which  may  have  been  removed  by  maceration 
and  friction  within  the  bladder,  so  that  only  its  gross  appearance 
can  generally  be  made  out  from  fragments  found  in  the  urine. 

Crystals  of  hsematoidin  are  sometimes  found  in  the  necrotic  frag- 
ments and,  according  to  von  Jaksch,  are  pathognomonic  of  carcinoma. 
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They  are  small  rliomboidal,  yellowish  or  brownish-yellow  crystals, 
occurring  in  little  tufts.  When  treated  with  nitric  acid  under  the 
microscope  they  exhibit  the  play  of  colors  which  is  characteristic  of 
biliary  coloring  matters. 

Animal  Parasites. 

Distoma  Hcematohium. — The  changes  which  occur  in  the  urine  as  a 
result  of  the  ravages  of  this  parasite  are  due  for  the  most  part  to  a 
constriction  of  the  small  submucous  blood-vessels  of  the  bladder  and 
the  subsequent  escape  of  the  parasite's  eggs  through  ulceration  of  the 
overlying  tissue.  As  a  result  of  this  ulceration,  blood,  pus,  and 
sometimes  fat  are  also  found  in  the  urine.  For  a  complete  descrij)- 
tion  of  the  parasite,  the  reader  is  referred  to  Vol.  YIII.,  p.  580.  The 
eggs  are  oval,  about  one-two-hundredth  inch  long,  with  a  sharp  pro- 
jecting anterior  extremity  and  containing  a  distinctly  visible  embryo. 
The  masses  of  ova  which  are  discharged  into  the  bladder  sometimes 
become  the  nuclei  of  calculous  formations. 

Filaria  Sanguinis  Hominis. — The  natural  history  of  this  parasite, 
the  diseases  which  it  produces,  their  symptomatology,  etc. ,  are  con- 
sidered in  Vol.  VIII.  of  this  work.  Its  interest  here  lies  in  the  fact 
that  filariae  are  often  found  in  comparatively  large  numbers  in  chylous 
urine.  The  parasite  is  about  as  wide  as  a  red  blood  corpuscle  and 
about  fifty  times  as  long.  It  has  a  short,  rounded  head  and  a  long, 
pointed  tail.     The  body  appears  granular,  with  transverse  striations. 

Echinococcus. — It  is  very  rarely  that  the  hooklets  and  scolices  of 
the  echinococcus  cyst  find  their  way  into  the  urine,  for  it  is  only  by 
a  rupture  of  a  cyst  into  some  part  of  the  urinary  passages  that  they 
are  given  this  avenue  of  escape  from  the  body.  When  this  occurs, 
microscopic  examination  of  the  urinary  sediment  may  reveal  the 
characteristic  hooklets,  scolices,  or  fragments  of  them  and  pieces  of 
the  chitinous  membrane,  usually  with  more  or  less  blood,  pus,  and 
cellular  debris. 

Tricliomonas. — A  few  instances  only  are  on  record  in  which  this 
parasite  was  discovered  in  the  urine.  It  is  probable  that  more  than 
one  species  has  been  observed,  since  the  descriptions  do  not  entirely 
agree.  Dr.  George  Dock  describes  the  parasite  as  observed  by  him 
{Medical  News,  December  12th,  1894)  as  an  oval,  ovoid,  or  irregular 
body  from  0.015  to  0.020  mm.  long  and  from  0.008  to  0.015  mm.  wdde, 
having  from  two  to  four  flagella  at  one  end  and  sometimes  a  flagel- 
lum-like  tail  at  the  other.  At  one  side,  running  back  from  the  base 
of  the  flagellum  is  an  undulating  membrane,  not  always  visible.  The 
structure  of  the  body  is  granular,  sometimes  homogeneous.     An  oval 
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nucleus  with  a  long  narrow  chromatin  body  was  present,  sometimes 
also  vacuoles,  but  there  was  no  evidence  of  a  mouth  or  of  internal 
structure. 

Among  other  parasites  occasionally  found  in  the  urine  mention 
may  be  made  of  the  Oxyuris  vermicularis  and  the  Strongylus  gigas. 
A  peculiar  amoeba  has  also  been  described  by  Baelz  and  an  infusorium 
by  Hassal. 

Vegetable  Paeasites. 

Normal  urine  is  seldom  free  from  bacteria  when  voided,  and  after 
it  has  been  allowed  to  stand  for  some  time  at  ordinary  temperature 
it  becomes  densely  populated  by  micro-organisms,  which  find  in  it  an 
excellent  culture  medium.  Recent  investigations  have  shown  that  the 
urethra  is  constantly  the  abode  of  numerous,  for  the  most  part  harm- 
less, microbes,  some  of  which  are  almost  invariably  carried  off  by  the 
urine.  The  bladder  has  also  been  found  to  contain  many  bacteria, 
some  innocent,  others  pathogenic  or  capable  of  becoming  pathogenic 
under  favorable  circumstances.  But,  on  the  other  hand,  compara- 
tively few  of  the  reported  observations  have  been  made  upon  individu- 
als who  had  never  been  the  subjects  of  genito-urinary  disease,  cath- 
eterization, or  other  influences  capable  of  conveying  bacteria  into  the 
bladder,  and  consequently  it  is  difficult  to  place  a  proper  estimate 
upon  the  observations.  There  can  be  no  doubt  that  the  urine  is  an 
avenue  for  the  elimination  of  micro-organisms  which  gain  entrance 
into  the  circulation.  Ultzmann  has  found  bacteria  in  the  urine  of 
persons  who  live  in  unhealthy,  malarial,  marshy  regions,  in  bad  at- 
mospheres, and  in  those  who  spend  much  time  in  dissecting  rooms  or 
morgues,  and,  according  to  Beidl  and  Kraus,  microbes  injected  into  a 
vein  appear  in  the  urine  within  from  five  to  twenty  minutes,  the  urine 
remaining  clear  and  free  from  albumin. 

Abnormal  urine  is  rarely,  though  sometimes,  free  from  bacteria 
when  voided.  Nearly  forty  varieties  of  micro-organisms  have  been 
recognized  in  the  urine.  These  belong  to  two  distinct  classes, 
namely,  to  the  pathogenic  and  the  non-pathogenic. 

Non-PatJwgenic  Bacteria. 

These  embrace  all  those  bacteria  which  are  not  capable  of  produc- 
ing disease  and  may  be  made  to  include  moulds,  the  yeast  plant,  and 
the  fission  fungi. 

Moulds  seldom  form  upon  urine,  even  after  long  standing,  unless 
sugar  is  present.  After  diabetic  urine  has  undergone  alcoholic  fer- 
mentation, however,  a  luxuriant  growth  of  mould  frequently  forms 
on  its  surface,  along  with  great  numbers  of  the  yeast  plant.     Sarcinse 
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have  been  found  in  acid  urina.  They  are  somewhat  larger  than 
those  of  the  stomach  and  quickly  disappear  under  the  influence  of 
alkaline  fermentation. 

The  yeast  23lant  is  found  in  the  urine  in  the  form  of  single  cells  or 
in  the  form  of  branching  plants,  many  of  the  cells  having  one  or  more 
small  buds.  The  individual  segments  are  of  oval  shape,  of  variable 
size,  averaging  about  that  of  a  leucocyte,  the  larger  cells  containing 
nuclei.     They  grow  only  in  acid  urine  and  in  the  presence  of  sugar. 

The  so-called  fission  fungi  belong  for  the  most  part  to  the  class 
known  as  saprophytic  bacteria,  whose  office  it  is  to  break  up  dead 
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Fig.  63.— Yeast  Plant.  Fig.  64  — Sarcinse  of  Urine.      Fig.  65.— The  Micrococcus  Ureae. 

organic  tissues  into  simpler  forms  of  matter.  Upon  their  action  de- 
pends the  ammoniacal  decomposition  of  urine  in  which  urea  becomes 
converted  into  ammonium  carbonate.  It  was  once  supposed  that  this 
decomposition  depended  solely  upon  the  action  of  a  micro-organism 
known  as  the  micrococcus  urese,  but  more  recent  investigation  has 
shown  that  nearly  all  bacteria  found  in  the  urine  have  this  power. 

The  hacterium  urece  is  a  rather  large  micrococcus  growing  usually 
in  chains,  sometimes  singly  and  in  great  numbers  (Fig.  65). 
These  bacteria  are  found  only  in  slightly  alkaline  urine  which  is  en- 
tering upon  or  undergoing  putrefactive  change.  Such  urine  is  gen- 
erally voided  by  persons  who  are  subject  to  more  or  less  complete  re- 
tention to  urine,  owing  to  urethral  stricture,  cystitis,  paraplegia, 
enlarged  prostate,  etc.  The  urine,  as  is  always  the  case  when  a  large 
number  of  bacteria  is  present,  is  cloudy,  even  opaque,  and  shows  an 
undulatory  or  eddying  motion  when  shaken.  It  has  a  "  stale"  odor, 
which  is  sometimes  extremely  penetrating  and  offensive. 

PatJiogenic  Bacteria. 

The  pathogenic  bacteria,  micro-organisms  which  are  capable  of 
producing  disease,  may  be  described  under  two  heads,  namely,  micro- 
cocci and  bacilli. 

The  micrococci  found  in  urine  belong  for  the  most  part  to  the 
class  known  as  pus-formers,  or  bacteria  which  produce  suppuration, 
and  include  the  staphylococcus  pyogenes  albus,  aureus,  and  citreus ; 
the  streptococcus  ureae,  pyogenes,  and  rugosus;  several  diplococci, 
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and  many  others.  To  this  class  belongs  also  the  gonococcus  of 
Neisser. 

The  most  important  of  the  bacilli  found  in  the  urine  are  the 
bacillus  coli  communis,  the  bacillus  typhosus,  and  the  bacillus  tuber- 
culosis, besides  which  several  have  been  reported.  From  the  occur- 
rence of  these  bacilli  in  the  urine  as  a  result  of  experiments  on  lower 
animals  it  is  believed  that  these  micro-organisms  are  at  least  in  part 
eliminated  from  the  system  through  the  kidneys,  either  during  or 
after  the  prevalence  of  the  diseases  to  which  they  belong. 

The  micrococci  as  a  rule  require  no  special  methods  of  staining  to 
bring  them  into  view,  all  that  is  necessary  being  to  place  a  drop  of 


Fig.  67. — Bacilli  Tuberculosis. 


the  urinary  sediment  on  a  glass  slip,  add  a  drop  of  a  solution  of  any 
aniline  stain,  wash  off  the  excess  of  coloring  matter  after  a  few 
minutes,  and  examine  with  a  high  power  of  the  microscope. 

The  Gonococcus. — This  organism  differs  in  some  respects  from 
the  other  micrococci  and  requires  further  description.  It  has  a 
hemispherical  shape  and  is  so  arranged  in  pairs  that  the  inner,  flat, 
or  slightly  concave  side  of  each  hemisphere  is  separated  from  that 
of  its  fellow  by  only  a  narrow  interval  (Fig.  &&).  Sometimes  the 
cocci  are  arranged  in  groups  of  fours,  like  tetrads.  Each  coccus  is 
small,  devoid  of  flagella  and  spores,  and  motionless.  It  is  most  read- 
ily stained  by  weak  solutions  of  aniline  blue  or  violet.  The  gonococ- 
cus is  usually  found  in  pus  cells  or  attached  to  epithelium.  While 
it  is  recognized  as  the  cause  of  gonorrhoea,  it  should  be  remembered 
that  urethritis  is  sometimes  produced  by  the  bacillus  coli  communis 
or  the  staphylococcus  pyogenes. 

Bacillus  Tuberculosis. — Tubercle  bacilli  are  sometimes  found  in  the 
urine  in  great  numbers,  especially  in  purulent  urine,  aggregated  into 
colonies  which  sometimes  assume  an  S-shape ;  but  they  may  be  so 
few  as  to  render  their  detection  extremely  difficult  (Fig.  67).  The 
method  of  search  for  them  is  the  same  as  that  employed  in  exam- 
ination of  sputum,  but  is  rendered  much  more  difficult  by  the  greater 
dilution  of  the  fluid  and  the  low  specific  gravity  of  the  bacillus,  which 
renders  sedimentation  difficult  even  with  the  centrifuge.  The  urine 
should  be  obtained  for  examination  by  catheterization,  in  order  to 
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avoid  contamination  by  the  smegma  bacillus,  which  possesses  the 
same  form  and  staining  properties  as  the  bacillus  tuberculosis. 

Method  of  Staining. — Ziehl's  carbol-fuchsin  staining  fluid  has  gen- 
erally proved  most  satisfactory.  The  formula  for  this  stain  is :  Fuch- 
siu,  1  part ;  alcohol,  10  parts ;  five-j)er-cent.  solution  of  carbolic  acid, 
100  parts.  The  process  may  be  thus  described :  After  obtaining  a 
good  sedimentation,  a  drop  is  removed  with  a  pipette  and  placed  on 
a  cover-glass.  This  is  dried  with  moderate  heat  and  then  passed 
three  times  through  the  flame.  A  drop  of  carbol-fuchsin  solution 
is  then  spread  upon  the  entire  surface  of  the  dried  sediment  and  the 
glass  is  held  at  some  distance  above  the  flame  until  a  white  vapor  be- 
gins to  rise.  It  is  then  kejjt  at  this  temperature  for  from  three  to 
five  minutes  by  moving  it  back  and  forth  over  the  flame.  If  the  fluid 
evaporates  from  the  edges  of  the  glass,  it  is  replaced  by  fresh  fluid. 
The  specimen  is  then  washed  with  water,  the  excess  of  water  is  re- 
moved with  paper,  and  a  di'op  of  twenty -five  per  cent,  sulphuric  acid 
or  of  thirty-three  per  cent,  nitric  acid  is  dropped  upon  it  and  left  for 
exactly  thirty  seconds.  The  acid  is  then  washed  off  with  water,  the 
specimen  is  dried  and  mounted  in  balsam.  A  counter  stain  may  be 
used  if  desired.  Gabbett's  stain,  consisting  of  methyl  blue  2  parts, 
sulphuric  acid  25  parts,  water  75  parts,  applied  for  thirty  seconds, 
after  the  Ziehl  stain  is  one  of  the  best. 

The  bacillus  tuberculosis  is  a  rod-shaped  body  from  1.5  to  3.5  /^ 
long  and  a  third  as  wide,  often  slightly  curved  and  having  rounded 
ends. 

Bacillus  Typhosus. — This  is  a  rod-shaped  bacillus,  very  variable 
in  length  and  breadth,  but  usually  from  2  to  4  p-  long  and  a  fourth 
as  broad.  It  has  flagella  and  is  endowed  with  motion,  but  is  usually 
motiordess  when  found  in  the  urine.  It  may  be  stained  by  Ziehl's 
method,  acetic  acid  being  used  as  a  bleach  instead  of  sulphuric  or 
nitric  acid;  but  it  so  readily  parts  with  its  stain  that  better  results 
are  obtained  from  allowing  it  to  be  acted  upon  for  twenty-four  hours 
by  Loffler's  alkaline  methylene-blue  solution  (saturated  alcoholic 
solution  of  methylene  blue,  30  parts;  1 :  10,000  aqueous  solution  of 
potassium  hydroxide,  100  parts).  After  staining,  the  specimen  is 
washed,  quickly  dehydrated  with  alcohol,  cleared  with  xylol,  and 
mounted  in  balsam. 

Bacillus  Coll  Communis. — This  baciUus  is  of  interest  chiefly  be- 
cause of  its  being  the  most  frequently  present  of  all  pathogenic  bac- 
teria which  invade  the  urinary  organs,  often  standing  in  etiological 
relation  to  urethritis,  cystitis,  pyelonephritis,  and  other  suppurative 
diseases  of  the  urinary  tract.  Morphologically  it  bears  so  close  a 
resemblance  to  the  typhoid  bacillus  that  special  methods  of  differen- 
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-tiation  are  required,  for  a  full  description  of  wliicli  the  reader  is 
referred  to  the  works  on  bacteriology. 

Ptomains,  Lencomains,  Toxins  in  the  Urine. 

All  micro-organisms  are  belieyed  to  have  the  power  to  produce 
definite  chemical  substances  as  a  result  of  their  vital  activity.  These 
substances  are  numerous  and  varied;  they  vary  not  only  with  the 
different  species  of  bacteria,  but  also  with  the  medium  which  com- 
poses their  food.  Some  of  these  products  are  acids,  some  alkalies, 
others  bases.  The  term  ptomain  was  at  first  applied  to  the  basic 
organic  chemical  compounds  (diamins)  formed  in  the  process  of 
putrefaction  of  dead  organic  matter.  Now,  however,  it  is  applied  to 
all  "  organic  chemical  compounds,  basic  in  character,  formed  by  the 
action  of  bacteria  upon  nitrogenous  matter"  O^aughan  and  Novy). 
Some  of  these  compounds  are  poisonous,  others  are  not.  The  name 
toxin  was  given  by  Brieger  to  the  poisonous  ptomains,  but  it  has 
since  been  applied  to  many  poisonous  products  of  bacterial  action 
which  are  neither  basic  nor  proteid  in  character,  and  whose  nature  is 
but  little  understood. 

Leucomains,  on  the  other  hand,  are  basic  substances  which  result 
from  tissue  metabolism  within  the  body,  resulting  either  from  fer- 
mentation which  is  not  dependent  upon  the  action  of  bacteria,  or 
from  retrograde  metamorphosis.  They  are  the  alkaloidal  products 
of  physiological  processes.  While  ptomains  are  formed  largely  in 
the  intestinal  canal,  leucomains  have  their  origin  for  the  most  part 
in  the  tissues. 

Ptomains  are  intermediate  or  transitional  states  of  matter  in  the 
process  of  the  reduction  of  organic  compounds  into  simpler  organic 
matter.  Kossel  has  shown  that  at  least  some  leucomains  "  are  ante- 
cedents of  end  products  of  metabolism."  Ptomains  may  be  devel- 
oped within  the  body,  or  they  may  be  admitted  with  food  or  drink ; 
the  gaseous  products  of  bacterial  activity  may  also  gain  access  to  the 
body. 

All  ptomains  contain  nitrogen,  thus  resembling  the  vegetable 
alkaloids — those  containing  oxygen  further  resembling  the  fixed  alka- 
loids, those  devoid  of  oxygen  resembling  the  volatile  alkaloids. 

To  Selmi  is  due  the  credit  of  having  first  called  attention  to  the 
probable  formation  of  basic  substances  in  the  living  body  during  the 
existence  of  pathological  conditions  brought  on  by  the  entrance  of 
pathogenic  bacteria  and  to  the  fact  that  infectious  diseases  are  accom- 
panied or  followed  by  the  elimination  of  more  or  less  characteristic 
products;   and  to  the  detection  of  these  in  the  urine  he  attached 
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great  diagnostic  importance.  Altliougli  liis  announcement  was  made 
in  1880,  and  altliougli  a  vast  number  of  investigations  have  since  been 
made,  comparative!}'  few  of  the  many  chemical  substances  known  to 
belong  to  this  class,  and  believed  to  be  eliminated  with  the  urine, 
have  yet  been  isolated.  Their  importance  to  pathology,  particularly 
to  that  of  the  kidneys,  is  becoming  more  and  more  generally  recog- 
nized. Sternberg  expresses  the  belief  that  in  those  forms  of  nephri- 
tis which  are  known  under  the  general  name  of  Bright's  disease, 
"  the  primaiy  cause  of  the  renal  inflammation  is,  as  a  rule,  perhaps 
always,  some  toxic  substance  in  the  blood  which  acts  as  an  irritant  to 
some  portion  of  the  renal  parenchyma." 

We  have  an  example  of  the  presence  of  leucomains  in  normal 
urine  in  perhaps  all  of  the  basic  substances  included  in  the  uric-acid 
group,  since  these  are  products  of  tissue  metabolism.  Ptomains  are 
probably  always  an  abnormal  constituent  of  the  urine,  for  they  do 
not  result  from  normal  metabolism.  The  principal  ptomains  which 
have  been  isolated  from  the  urine  are  cadaverin,  putrescin,  trimethyl- 
amin,  and  beatin ;  but  none  of  them,  so  far  as  is  known,  is  of  clinical 
significance. 

It  would  be  out  of  place  in  a  work  of  this  character  to  describe 
the  methods  employed  for  the  extraction  of  these  substances,  for 
much  space  would  be  required,  and  the  difficulties  encountered  and 
the  liabilities  to  err  at  almost  every  step  in  the  processes  are  such  as 
to  render  them  useless  outside  of  the  chemical  laboratory. 

The  methods  generally  employed  for  the  extraction  of  ptomains 
are  the  Stas-Otto  method  or  one  of  its  modifications,  the  Dragendorff 
method,  and  the  Brieger  method,  the  last  of  which  is  best  adapted  to 
urinary  analysis. 

Cadaverin  (C^Hj^Nj  is  a  rather  thick,  water-clear  fluid  of  offen- 
sive odor,  resembling  coniiue  or  semen.  It  fumes  in  the  air,  from 
which  it  absorbs  carbonic  acid  and  finally  crystallizes  as  a  carbonate. 
It  is  a  constant  ingredient  of  the  urine  of  cystinuria.  As  it  is  never 
found  in  cultures  in  which  some  form  of  the  vibrio  is  not  i)resent,  its 
presence  in  decomposing  urine  is  attributed  to  the  action  of  this 
organism.  Verigo  considers  it  a  normal  product  of  pancreatic  diges- 
tion. Its  origin  in  cystinuria  is  attributed  by  some  to  the  intestinal 
canal,  but  it  has  not  been  found  simultaneously  in  the  stools.  It  is 
also  a  constant  product  of  the  cholera  bacillus,  regardless  of  the  cul- 
ture medium,  but  it  has  not  been  isolated  from  the  urine  of  cholera 
patients ;  some  authors  therefore  refer  the  symptoms  of  cholera  to  its 
retention. 

Putrescut  (C,H,„NJ  is  a  water-clear,  rather  thin  liquid,  which  fumes 
in  the  air  and  emits  an  offensive  odor  closely  resembling  that  of 
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cadaverin.  rrom  the  air  it  also  absorbs  carbonic  acid.  It  is  almost 
always  associated  with  cadaverin,  appearing,  as  a  rule,  a  little  later. 
It  is  therefore  found  in  the  urine  of  cystinuria,  in  old  cultures  of  the 
comma  bacillus,  but  not  in  the  urine  of  cholera  patients. 

Trimethylamin  (GJi^'N)  in  its  basic  state  is  a  strongly  alkaline 
liquid  freely  soluble  in  water  and  possessing  a  fishlike  odor.  It  has 
been  found  in  the  cultures  of  quite  a  number  of  bacteria,  including 
the  streptococcus  pyogenes,  the  proteus  vulgaris,  and  the  comma 
bacillus,  but  its  significance  has  not  been  determined.  Stadthagen 
found  it  in  normal  urine. 

Beatin  (C^IIjjNOj)  is  best  known  from  its  occurrence  in  the  vege- 
table kingdom.  It  was  found  in  the  urine  by  Liebreich.  It  is  of  no 
known  significance. 

The  leucomains  are  divided  into  two  well-defined  groups,  the 
uric-acid  group  and  the  creatinin  group,  from  their  relation  to  uric 
acid  and  creatinin. 

It  would  not  be  expedient  in  the  present  state  of  our  knowledge  to 
enter  into  a  description  of  the  numerous  leucomains  which  have  been 
found  in  the  urine  and  the  methods  that  have  been  employed  by  vari- 
ous investigators  for  their  isolation,  and  the  same  may  be  said  of  the 
toxins  which  do  not  belong  to  either  of  the  classes  already  considered. 
As  Vaughan  and  Novy  aptly  remark :  "  It  is  comparatively  easy  (from 
the  result  of  the  application  of  the  so-called  alkaloidal  tests)  to 
report  upon  the  presence  of  alkaloids  in  so  complex  a  fluid  as  the 
urine.  It  is  much  more  difficult,  however,  to  isolate  such  bodies  in 
a  chemically  pure  condition,  satisfying  the  requirements  of  exact 
research." 

The  more  important  of  the  leucomains  that  have  been  isolated 
belong  to  the  uric-acid  group.  They  are,  in  isomeric  order,  adenin, 
hypoxanthin,  xanthin,  heteroxanthiu,  methylxanthin,  paraxanthin, 
carnin  (or  a  substance  closely  resembling  carnin),  and  episarkin. 
Some  of  these  bases  are  normally  present  in  the  urine,  others  have 
been  found  only  in  diseased  conditions  or  after  the  administration  of 
medicines.  Their  pathological  importance  generally  depends  upon 
their  retention,  rather  than  upon  increased  elimination  in  the  urine. 
This  is  true  particularly  of  paraxanthin,  the  most  poisonous  of  the 
igroup,  and  the  only  one  to  which  consideration  will  be  given  in  this 
place. 

Tests  for  Paraxanthin.  ~1.  To  a  few  drops  of  thick,  concentrated 
urine,  add  a  few  drops  of  concentrated  solution  of  potassium  hydroxide. 
If  much  paraxanthin  be  present,  a  white,  glittering  precipitate  is 
formed ;  if  but  little  be  present,  the  fluid  becomes  slightly  turbid,  the 
turbidity  increasing  after  standing. 
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2.  A  little  chlorine  water  coBtaining  a  trace  of  nitric  acid  is  added 
to  the  urine  and  the  mixture  is  evaporated  to  dryness.  The  residue 
is  then  exposed  to  the  fumes  of  ammonia,  and  a  rose-red  color  is 
produced  if  paraxanthin  be  present. 

Cluneal  Sig)ujiccnici'. — Of  the  xanthin  group,  paraxanthin  is  the 
most  toxic,  xanthin  ranking  next.  Although  the  investigations  of 
Salomon  and  others  have  demonstrated  their  poisonous  effects  on 
small  animals,  comijarativel}^  little  has  been  developed  in  regard  to 
their  action  on  man.  Eachford,  of  Cincinnati,  has  shown,  in  a  series 
of  articles  read  before  the  Association  of  American  Physicians 
{Medical  Xeus,  May  26th,  1894;  November  3d,  1894;  September  7th, 
1895,  and  May  16th,  1896),  that  paraxanthin  occurs  in  increased  quan- 
tity in  the  urine  during  or  immediately  after  attacks  to  which  he  ap- 
plies the  names  leucomain  headache,  leucomain  epilepsy,  leucomain 
gastric  neurosis,  and  leucomain  asthma,  and  in  some  cases  of  lead 
encephalopathy . 

The  Toxicity  of  the  Uehse. 

The  urine,  whether  normal  or  pathological,  is  in  a  high  degree 
poisonous  to  the  human  organism  as  well  as  to  the  lower  animals. 
The  cause  of  this  toxicity  lies  in  the  presence  of  its  chemical  constit- 
uents, the  removal  of  which  from  the  blood  it  is  doubtless  the  chief 
office  of  the  kidneys  to  perform.  Of  the  many  investigations  which 
have  been  made  on  this  subject,  those  of  Bouchard  are  the  most 
valuable.  He  attributes  the  greatest  part  of  the  toxicity  of  normal 
urine  to  the  coloring  matters.  He  describes,  however,  seven  kinds  of 
poisons  which  he  has  found  in  the  urine,  including  urea  and  potas- 
sium compounds.  These  bodies,  acting  alone,  produce  respectively 
diuresis,  narcosis,  salivation,  convulsions  (produced  by  t^vo  bodies), 
contraction  of  pupils,  and  reduction  of  heat. 

To  Bouchard  we  are  indebted  also  for  a  method  of  expressing  the 
comparative  degrees  of  toxicity"  of  different  specimens  of  urine.  The 
unit  of  comparison,  or  toxic  unit,  is  the  quantity  of  a  given  specimen 
of  urine  which  is  required  to  kill  a  rabbit  weighing  1  kgm.,  or  as  it 
is  usually  expressed,  1  kgm.  of  animal.  To  determine  this  quantity, 
the  urine  is  slowly  injected  into  the  posterior  vein  of  a  rabbit's  ear 
until  death  occurs,  then  calculating  from  the  quantity  required  and 
the  weight  of  the  animal.  In  making  comparisons  with  this  unit,  it 
is  necessary  to  establish  a  urotoxic  coefficient,  which  Bouchard  de- 
fines as  the  quantity  of  toxic  matter  which  a  unit  of  n\  eight  produces 
in  a  unit  of  time.  The  urotoxic  coefficient  of  a  person  is  the  number 
of  toxic  units  formed  in  twenty-four  hours  by  a  kilogram  of  that  in- 
dividual.    If,  to  use  his  example,  it  is  supposed  that  a  healthy  man 
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of  60  kgm.  weight  excretes  1,200  c.c.  of  urine,  50  c.c.  of  whicli  are 
capable  of  killing  1  kgm.  of  animal,  tlien  the  total  1,200  c.c.  would 
kill  24  kgm.  of  animal ;  each  kilogram  of  the  man  forms  in  twenty- 
four  hours  what  would  kill  400  gm.  of  animal,  and  his  urotoxic  coeffi- 
cient is  0.4.  The  average  normal  coefficient  is,  according  to  Bou- 
chard, 0.464. 

The  urotoxic  coefficient  has  been  found  to  vary  over  a  wide  range 
under  the  influence  of  diet,  exercise,  and  rest,  and  in  the  presence  of 
various  abnormal  conditions,  including  nearly  all  the  infections, 
many  functional  and  organic  diseases,  and  neoplasms. 
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Abortion,    diagnosis    of,    from    mem- 
branous dysmenorrha^a,  585 
Acetauilide  in  tbe  urine,  test  for,  750 
Acetic  acid  in  the  urine,  696 
Acetone  in  tlie  urine,  737 
Acne  scorbutica,  502 
Adenoid  disease  (Southey),  443 
Adenopathy,    simple,    of   the  mediasti- 
num, 213 

tuberculous,  of  the  mediastinum,  212 
Albuminometer,  715 
Albuminous  expectoration,  62 
Albuminuria,  706 

clinical  significance,  707 

cyclic,  708 

febrile,  707 

functional,  708 

hsematogenic,  707 

of  adolescence,  708 

phosphatic,  709 

toxic,  707 
Albumin,  hydrated,  717 

in  the  urine,  706 
tests  for,  709 
Aleucocytosis,  306 
Allantoin,  test  for,  690 
Allen,    Charles  W.,    on    Functional 
Disorders  of  the  Male  Sexual  Organs, 
593 
Amenorrhoea,  568 

diagnosis,  572 

etiology,  569 

pathology,  569 

prognosis,  571 

symptoms,  571 

treatment,  573 
Amide  of  carbon,  678 
Amphophilic  granules,  256 
Ansematosis,  361 
Anaemia,  309 

classification  of,  311 


Anaemia,  essential,  361 
gravis,  317 
idiopathic,  361 
infantuni  pscudoleukaemica,  460 

course,  464 

diagnosis,  463 

etiology,  460 

nature  of,  462 

pathological  anatomy,  461 

prognosis,  464 

symptoms,  462 

treatment,  464 
lymphatica  et  lienalis,  443 
malignant,  361 
pernicious,  361 
progressive  pernicious,  361 

bone-marrow  changes  in,  381 

complications,  390 

course,  389 

definition,  361 

diagnosis,  390 

etiology,  363 

geographical  distribution,  363 

history,  362 

morbid  anatomy,  370 

pathogenesis,  382 

prognosis,  394 

sequelae,  390 

symptoms,  383 

synonyms,  361 

treatment,  395 
pseudo-,  310 
splenic,  312,  443 
symptomatic,  312 

condition  of  the  blood  in,  319 

course,  323 

diagnosis,  323 

etiology,  312 

prognosis,  323 

symptoms,  321 

treatment,  324 
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Anaemia,  toxic,  316 
Anhydrgemia,  294 
Ankylostomiasis,  anaemia  of,  367 
Antifebrin  in  the  urine,  test  for,  750 
Antipyrin  in  the  urine,  test  for,  751 
Aorta  chlorotica,  335 
Arsenic  in  the  urine,  tests  for,  747 
Arthaud  and  Butte's  test  for  uric  acid, 

689 
Articuli  duplicati,  539 
Aspermatism,  649 

functional,  654 

temporary,  650 
Asthma,  129 

introduction,    129;    definition,    130; 

etiology,  134 ;  symptomatolog}'  and 

course,    143;    complications,   termi- 
nations,   and    prognosis,    155 ;     the 

nature  of  asthma,    157 ;    diagnosis, 

164 ;  treatment,  167  ;   bibliography, 

176 
Asthma  arthriticum,  135 

bibliography,  176 

bronchial,  134 

bronchial  spasm  in,  158 

cardiale,  134  165 

Charcot-Leyden  crystals,  151 

complications  of,  155 

course,  143 

definition,  130 

diabetic,  167 

diagnosis  of,  164 

from  hay  fever,  187 

diaphragmatic,  166 

diaphragmatic  spasm  in,  159 

dyspepticum,  133 

dyspnoea  of,  131,  143,  145 

etiology,  134 

from  onanism,  173 

gout  complicating,  156 

hay,  137,  183 

history  of  the  theories  of,  129 

hysterical,  166 

idiosyncraticum,  138 

Leyden-Charcot  crystals,  151 

nasal,  133,  136 

treatment  of,  172 

nature  of,  157 

nervous,  133 

painful  points  in,  172 

prognosis  of,  155 


Asthma,  psychical,  141 

pulmonale,  134 

reflex,  132 

satuminum,  142 

secondary,  132 

spastic,  133 

sputum  of,  147 

symptomatic,  132 

symptomatology,  143 

terminations  of,  155 

theories  of,  158 

treatment,  167 

urtemic,  167 

vasomotor,  133 
Autumnal  catarrh,  183 
Azoospennatisjn,  648 

Baccelli's  sign,  36 

Bacillus  coli   communis  in    the    Tirine, 
775 
tuberculosis  in  the  urine,  774 
typhosus  in  the  urine,  775 
Bacterium  urese,  773 
Baeyer's  test  for  acetone,  738 
Beatin  in  the  urine,  778 
Bile  acids  in  the  urine,  739 
tests  for,  740 
pigments  in  the  urine,  741 
tests  for,  742 
Biuret  reaction,  681 
Bleeders'  disease,  514 
Bleibtreu  method  of  estimating  the  vol- 
ume of  the  blood  corpuscles,  275 
Blix-Hedin  hsematokrit,  273 
Blood,  albumins  of  the,  238 
alkalimetric  methods,  282 
alkalinity  of  the,  239 

determination  of,  282 
amount  of  the,  in  the  body,  234 
amphophilic  granules,  256 
anatomy  of  the,  233 
basophilic   mixtures  for  examining 

the,  288 
Bleibtreu  method  of  estimating  the 

volume  of  the  corpuscles,  275 
Blix-Hedin  hasmatokrit,  273 
Canon's  staining  solution,  288 
carbohydrates  in  the,  239 
changes  in,   in  pernicious  anaemia, 

371 
Chenzinsky's  staining  solution,  287 


INDEX  TO   VOLUME   VII. 


783 


Blood,  clinical    methods   of  exaniiniDg 
the.  265 
coagulation  of  the,  233,  294 
clinical  relations  of,  296 
determination    of    the    rapidity 

of,  282 
nature  of,  295 
composition  of  the.  as  a  whole,  237 
constituents  of  the,  238 
crises,  247,  375 
decreased  volume  of,  293 

Blood,  Diseases  of  the,  233 

anatomy,  233 ;  the  scram,  241  ;  the 
red  corpuscles,  242  ;  the  leucocytes, 
249  ;  the  blood  plaques,  262  ;  clini- 
cal methods  of  examining  the  blood, 
265 ;  pathological  changes  in  the 
blood,  291 ;  plethora,  291 ;  oligfe- 
mia,  293 ;  hydraemia,  293 ;  anhy- 
draemia,  294 ;  coagulation,  294 ; 
lipaeraia,  297 ;  melauaemia,  297 ; 
leucocytosis,  298 ;  hypoleucocyto- 
sis,  306  ;  polycythaemia,  308  ;  anae- 
mia, 309 ;  symptomatic  anaemia, 
312 ;  chlorosis,  326 ;  progressive 
pernicious  anaemia,  361 ;  leukaemia, 
399  ;  Hodgkin's  disease,  443  ;  anae- 
mia Infantum  pseudoleuk^mica, 
460 ;  haemocytolysis,  hsemoglobinae- 
mia,  464 ;  paroxysmal  haemoglobi- 
nuria,  467  ;  purpura,  470  ;  purpura 
simplex,  478  ;  purpura  rheumatica, 
479  ;  purpura  haemorrhagica,  483  ; 
scurvy,  491 ;  scurvy  in  infancy, 
508 ;  haemophilia,  514 

Blood,  distoma  haematobium  in  the,  264 
Ehrlich's  staining  solution,  288 
eosinophilic  granules,  255 
erythrocytes,  see  Blood,  red  eoi'pusdes 
examination  of  the,  265 
fatty  acids  in  the,  239 
fatty  matter  in  the,  263,  297 
filaria  in  the,  264 
fixing  of  the,  285 
Fleischl's  method  of  estimating  the 

amount  of  haemoglobin,  276 
foreign  matters  in  the,  263 
formation  of  the,  234 
gases  of  the,  239 
Gollasch's  staining  solution,  287 
Gowers'  haemacytonieter,  272 


Blood,  haemoglobin  of  the,  276 

Hammerschlag's  method  of  deter- 
mining the  specilic  gravity  of  the, 
281 

histological  examination  of  the, 
284 

Hoppe-Seyler's  method  of  estimat- 
ing the  amount  of  haemoglobin, 
278 

hyperinosis,  297 

hypinosis,  297 

in  anaemia  infantum  pseudoleukae- 
mica,  461 

in  Hodgkin's  disease,  449 

in  leukaamia,  412 

in  paroxysmal  haemoglobinuria,  469 

in  rachitis,  548 

in  scurvy,  498 

in  the  semen,  651 

in  the  urine,  763 

increased  volume  of,  291 

inorganic  constituents  of  the,  239 

inspissation  of  the,  294 

isotonicity  of  the  corpuscles,  meth- 
ods of  determining  the,  283 

karyokinesis  of    the  white  corpus- 
cles, 259 
method  of  demonstrating,  289 

Klein's  staining  solution,  287 

Landois'  method  of  determining  the 
alkalinity  of  the,  282 

leucocytes,  see  Blood,  ichite  corpuscles 
of  the 

Limbeck's  method  of  determining 
the  alkalinity  of  the,  283 

macrocytes  of  the.  245 

malarial  organisms  in  the,  demon- 
stration of,  290 

markzellen,  253 

mastzellen  granules,  256 

megalocytes  of  the,  245 

microcytes  of  the,  244 

micro-organisms  in  the,  demonstra- 
tion of,  290 

myeloc3^tes,  253 

neutrophiles,  252.  256 

neutrophilic  mixtures  for  examining 
the,  288 

nitrogenous  substances  in  the, 
238 

oxyphilic  granules,  255 
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Blood,  oxyphilic  mixtures  for  examin- 
ing the,  287 
parasites  in  the,  264 
pathological  changes  in  the,  291 
peptone  not  found  in  the,  238 
pigment  matter  in  the,  263,  297 
plaques  of  the,  262 
poikilocytes,  245 

in  pernicious  anaemia,  373 
poisons  causing  destruction  of  the 

corpuscles,  466 
polychromatophilia  of  the  red  cor- 
puscles, 289 
pseudobacilli  in  the,  245 
red  corpuscles,  abnormalities  of  the, 
244 
amoeboid  movements  of  the,  246 
chemical  composition,  243 
counting  the,  266 
decrease  in,  310 
degeneration  of  the,  247,  289 
degeneration   of  the,   in  perni- 
cious anaemia,  373 
increase  of  the,  308 
isotonicity  of  the,  249 
isotonicity  of  the,  methods  of 

determining,  283 
karyokinesis,  246 
necrosis  of  the,  245 
nucleated,  246 

nucleated,    in    pernicious  anae- 
mia, 375 
number,  242 
origin  of  the,  236 
physiological  functions  of  the, 

244 
polychromatophilia  of  the,  289 
resistance  of  the,  284 
size,  242 
structure,  242 
volume,  243 
"richesse"  of  the,  341 
schistocytes  of  the,  245 
Schmalz's    method  of  determining 

the  specific  gravity,  282 
Schultz-Schultzenstein's  method  of 

determining  the  alkalinity,  283 
shadow  corpuscles,  247 
specific  granules,  257 
specific  gravity  of  the,  236 

methods  of  determining,  281 


Blood,    spectroscopic   lines   of  the  pig- 
ments of  the,  279,  720 
stains  for  examining  the,  286 
Thoma-Zeiss    method    of    counting 

the  corpuscles,  267 
urea  in  the,  238 
uric  acid  in  the,  238 
volume  of  the  corpuscles,  273 
watery,  293 
white  corpuscles  of  the,  249 

amoeboid  movements  of  the,  259 
amphophilic  granules,  256 
chemical  characters  of  the,  260 
counting  the,  266 
decrease  of  the,  306 
degenerations  of  the,  261 
ditferential  counting  of  the,  276 
eosinophilic  granules,  255 
granulations  of  the,  254,  257 
in  leukaemia,  413 
increase  of  the,  298 
karyokinesis,  259 
large  mononuclear,  252 
lymphocytes,  251 
mastzellen  granules,  256 
myelocytes,  253 
neutrophiles,  252,  256 
origin  of  the,  236,  250 
oxyphilic  granules,  255 
polymorphous,  252 
polynuclear,  252 
proportions  of  the  several  forms, 

259 
small  mononuclear,  251 
specific  granules,  257 
structure,  251 
transitional  forms,  252 
varieties,  251 
Blood-making    organs,   changes    in,    in 

leukaemia,  405 
Blood-serum,  changes  in  the  vital  prop- 
erties of  the,  241 
chemical  composition  of  the,  240 
hypertonicity  of  the,  284 
Bone  marrow,  changes  in,  in  leukaemia, 
405 
in  pernicious  anaemia,  381 
Bones,  rachitic  changes  in  the,  532 
Bottger's  test  for  sugar,  726 
Bow -legs  in  rickets,  541 
Bromine  in  the  urine,  tests  for,  749 
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Bronchial  spasm  in  asthma,  158 
Bronchiolitis,  exudative,  140,  158 
BUlau,   method  of,  in  the  treatment  of 

empyema,  93 
Butyric  acid  in  the  urine,  696 

Cachexia  lymphatica  et  lienalis,  443 

virginum,  326 
Cadavcriu  in  the  urine,  777 
Cancer,  anasmia  in,  317,  318 

leucocytosis  associated  with,  305 

pleural,  121 
Canon's  blood  stain,  288 
Carbamide,  678 
Carbohydrates  in  the  urine,  698,  723 

quantitative  determination  of,  728 

tests  for,  724 
Carbonates  in  the  urine,  704 
Casts,  765 

bacterial,  767 

blood,  767 

epithelial,  767 

false,  768 

fatty,  767 

granular,  766 

hyaline,  766 

method  of  examining  for,  769 

pus,  767 

■waxy,  766 
Catarrh,  autumnal,  183 
Catarrhus  sestivus,  183 
Charcot-Leyden  crystals  in  asthma,  151 

in  leukaemia,  423 
Chautard's  test  for  acetone,  738 
Chloraemia,  326 
Chlorangemia,  326 
Chlorides  in  the  urine,  698 

tests  for,  699 
Chlorosis,  326 

acute  puerperal,  361 

blood  changes  in,  338 

clinical  varieties,  351 

complications,  352 

course  and  duration,  351 

definition,  326 

diagnosis,  354 

Egyptian,  367 

etiology,  326 
-  florida,  343 

hiemalis,  328 

history,  330 
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Chlorosis,  male,  351 

pathogenesis,  330 

patliological  anatomy,  334 

prognosis,  352 

rubra,  343 

sequelae,  353 

symptoms,  343 

synonj'ms,  326 

tarda,  327,  351 

treatment,  355 

winter,  328 
Chenzinsky's  blood  stain,  287 
Chicken  breast,  540 
Chromaturia,  intermittent,  467 
Chylothorax,  53 
Coagulation  of  the  blood,  233,  294 

clinical  relations  of,  296 

determination  of  the  rapidity  of.  282 

nature  of,  295 
CO-hsemoglobin,  spectroscopic  lines  of, 

280 
Coitus,  excessive,  625 
Collapse  in  pleurisy,  62 
CoMBY,  JcLES,  on  Rachitis,  527 
Convulsions  in  pleurisy,  62 

rachitic,  546 
Coryza,  diagnosis  of,  from  hay  fever,  187 
Craniotabes,  538 
Creatin,  690 

tests  for,  691 
Creatinin,  690 

tests  for,  690 
CuiisTON,  Charles  G.,  on  the  Disorders 

of  Menstruation,  563 
Curschmann's  spirals,  147 
CusHTNG,  Ernest  W.,  on  the  Disorders 

of  Menstruation,  563 
Cylindroids  in  the  urine,  768 
Cystin  in  the  urine,  757 

Death,  sudden,  in  pleurisy,  63 

Deuteroalbumose,  717 

Diacetic  acid  in  the  urine,  738 
test  for,  739 

Diaphragm,    adhesions  to  neighboring 
parts,  221 
atropliy  of  the,  225 

Diaphragm,  Diseases  of  the,  219 

traumatic  affections,  220  ;  affections 
transmitted  from  neighboring  or- 
gans, 221 ;  affections  of  the  muscu- 
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lar  structure,    223 ;    nervous   afEec- 

tions,  226 

Diaphragm,  displacements  of  the,  221 

inflammation  of  the,  224 
* 

inflammation  of  the  pleural  coat  of 
the,  55 

neuralgia  of  the,  230 

ossification  of  the,  222 

paralysis  of  the,  226 

perforation  of  the,  221 

rheumatism  of  the,  223 

rupture  of  the,  220 

spasm  of  the,  clonic,  229 
in  asthma,  159 
simulating  asthma,  166 
tonic,  228 

tumors  of  the,  222 

wounds  of  the,  220 
Diaphragmatitis,  224 
Diazo  reaction,  744 
Diathesis  hsemorrhagica,  514 
Distoma  haematobium  in  the  urine,  771 
Dragendorff's  test  for  bile  pigments,  743 
Dysmenorrhoea,  582 

diagnosis,  585,  586 

etiology,  582 

membranous,  583 

membranous,    diagnosis    of,    from 
miscarriage,  585 

pathogenesis,  582 

treatment,  curative,  588 
of  attack,  586 
Dyspnoea,  asthmatic,  131,  143,  145,164 

in  chlorosis,  347 

in  pernicious  anaemia,  386 

EcHrNOCOccus  in  the  urine,  771 

of  the  pleura,  118 
Eclampsia,  infantile,  in  rickets,  546 
Ehrlich's  blood  stain,  288 

diazo  reaction,  744 
Einhorn's  saccharimeter,  729 
Ejaculation  in   coitus,    mechanism    and 

causes  of,  599 
Elliott's  test  for  sugar,  726 
Emmenagogues,  573 
Emphysema,  acute  pulmonary,  in  asth- 
ma, 131 

pneumothorax  with,  99 
Empyema,  38 

acute,  46 


Empyema,  aspiration  in,  87 

character  of  the  pus  in,  45 

diagnosis  of,  68,  71 
of  the  form  of,  72 

double,  treatment  of,  95 

encapsulated,  treatment  of,  95 

etiology,  38 

in  childhood,  60 

latent,  47 

necessitatis,  44 

origin  of  the  pus  in,  45 

pathological  anatomy,  43 

physical  signs,  48 

pneumococcal,  40,  49 
prognosis  of,  76 

pneumothorax  following,  97 

prognosis  of,  74 

putrid,  42,  50 

prognosis  of,  76 

resection  of  a  rib  for,  90 

simple  incision  in,  89 

siphon  drainage  in,  93 

staphylococcal,  41 

streptococcal,  39,  48 
prognosis  of,  76 

subacute,  46 

symptoms,  46 

thoracotomy  with  resection,  90 

treatment,  87 
of  double,  95 
of  encapsulated,  95 

tuberculous,  41,  44,  50 
prognosis  of,  76 
Eosinophile  cells  in  asthma,  151 

in  leukaemia,  420 
Eosinophilic  granules,  255 
Epiphyses,  rachitic  enlargement  of  the, 

540 
Epistaxis  in  haemophilia,  520 
Epithelium  in  the  urine,  760 
Erection,  penile,   mechanism  and  func- 
tion of,  597 
Erythroblasts,  236 

Erythrocytes,  see  Blood,  red  corpuscles 
Erythrocytosis,  308 

Esbach's  method  for  the  quantitative  de- 
termination of  albumin,  714 
Ethereal  sulphates  in  the  urine,  693 

tests  for,  693 
Eunuchism,  654 
Excesses,  sexual,  625 
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Expectoration,  albumiuous,  62 
Extremities,  rachitic  deformities  of  the, 
540 

Fat  in  tlie  urine,  759 
Fatty  acids  in  the  urine,  696 
Febrisalba,  336 

amantium,  326 
Fehling's  test  for  sugar,  725,  729 
Fermentation  test  for  sugar,  727,  728 
Fibrin  in  the  urine,  721 
Fibringlobulin,  296 
Fibrinogen,  295 
Filaria  sanguinis  hominis  in  the  urine, 

771 
Fleischl's  hsemoglobinometer,  277 
Flot,  sensation  de,  in  pleurisy,  28 
Fluctuation  vibratoire  in  pleurisy,  28 
Foedi  virginum  colores,  326 
Fontanelles,  open,  in  rickets,  538 
Forehead,  Olympian,  in  rickets,  538 
Formic  acid  in  the  urine,  696 
Fowler's  test  for  urea,  685 
French,    Jajies  M.,   on  the   Chemical 

and  Microscopical  Examination  of  the 

Urine,  661 

Gases  in  the  urine,  745 

Genital  organs,  functional  disorders  of 

the  male,  595 
Gingivitis,  scorbutic,  498,  501 
Globulin  in  the  urine,  715 
Glucose  in  the  urine,  698,  728 

quantitative   determination   of, 

738 
tests  for,  734 
Glycerophosphoric  acid  in  the  urine,  696 
Glycogen  in  the  urine,  737 
Glycosuria,  alimentary,  724 

clinical  significance  of,  733 
Glycuronic  acid  in  the  urine,  736 
Gmelin's  test  for  bile  pigments,  743 
GoUasch's  blood  stain,  387 
Gonococcus  in  the  urine,  774 
Gout,  asthma  in,  156 
Gowers'  hsemacytometer,  273 

haemoglobinometer,  278 
Green  sickness,  336 
Gum,  animal,  in  the  urine,  697 
Gums,   scorbutic    lesions    of    the,    498, 
501 


Habitus  hoemophilicus,  531 
Haines'  test  for  sugar,  735 
Hiemacytometer,  Gowers',  373 
Hainiatin,  spectroscopic  lines  of,  879 
Hajmatinuria,  paroxysmal,  467 
Ihematoblasts,  336 
Hiematokrit,  Blix-IIedin,  373 
Ha^matophilia,  514 
Hseraatoporpliyrin  in  the  urine,  721 
test  for,  722 
spectroscopic  lines  of,  280 
Hsematuria,  763 

intermittent,  467 
Hoemin,  crystals  of,  720 

spectroscopic  lines  of,  279 
Hfemocytolysis,  464 

Haemoglobin  in  the  blood,  estimation  of 
the  amount  of,  376 
in  the  urine,  719 
tests  for,  730 
spectroscopic  lines  of,  279 
Hsemoglobiuaemia,  464 
Hsemoglobinuria,  paroxysmal,  467 
definition,  467 
diagnosis,  469 
etiology,  467 
history,  467 
pathogenesis,  468 
prognosis,  470 
symptoms,  468 
treatment,  470 
Haemophilia,  514 
course,  523 
definition,  514 
diagnosis,  523 
etiology,  515 
history,  514 

infectious,  of  the  new-born,  516 
pathogenesis,  519 
prognosis,  533 
renal,  521 
symptoms,  519 
synonyms,  514 
transitory,  516 
treatment,  523 
Hsemopneumothorax,  96 
Hfemospermatism,  651 
Ha^mothorax,  115 
definition,  115 
diagnosis,  116 
etiology,  115 
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Hgemothorax,  pathological  anatomy,  115 

prognosis,  117 

symptoms,  116 

treatment,  117 
Hammerschlag's  method  of  determining 

the  specific  gravity  of  the  blood,  281 
Hay  asthma,  137,  183 
Hay  Fever,  137,  183 

synonyms,    183 ;     anatomical     and 

pathological     characteristics,     184 ; 

etiology,      184 ;      symptomatology, 

185  ;  diagnosis,  187  ;  prognosis,  188 ; 

treatment,  188 
Hay  fever,  anatomical  and  pathological 
characteristics,  184 

cauterizations  of  the  turbinated  bod- 
ies in,  195 

diagnosis,  187 

etiology,  184 

pathology,  184 

prognosis,  188 

symptomatology,  185 

synonyms,  183 

treatment,  188 
Hayem's  solution,  266 
Head,  rachitic  lesions  of  the,  538 
Heart,  chlorotic  murmurs,  345 
Heintz's  test  for  uric  acid,  688 
Heller's  test  for  albumin,  709 

for  bile  pigments,  742 

for  haemoglobin,  720 

for  hydrogen  sulphide,  747 

for  indican,  743 
Heller-Moore  test  for  sugar  in  the  urine, 

727 
Hemiplegia  in  pleurisy,  63 
Hemorrhage,  anaemia  following,  313 
Henoch's  disease,  483 
Herpes  scorbuticus,  502 
Heteralbumose,  716 
Hippuric  acid,  691 

tests  for,  692 
Hodgkin's  disease,  443 

complications,  455 

definition,  443 

etiology,  445 

history,  444 

pathological  anatomy,  447 

symptoms,  450 

synonyms,  443 

treatment,  459 


Hopkins'  test  for  uric  acid,  688 
Hoppe-Seyler's  apparatus  for  estimating 

the  amount  of  haemoglobin,  278 
Huppert's  test  for  bile  pigments,  742 
Hydatids,  pleural,  118 
Hydrsemia,  293 
Hydrogen  sulphide  in  the  urine,  746 

tests  for,  747 
Hydropneumothorax,  96 
Hydrothorax,  117 

Hydroxybutyric  acid  in  the  urine,  744 
Hynsius'  test  for  albumin,  713 
Hyperinosis,  297 
Hyperleucocytosis,  298 
Hypinosis,  297 

Hypobromlte  test  for  urea,  688 
Hypochlorite  test  for  urea,  684 
Hypoleucocytosis,  306 

Icterus  amantium,  326 
Impotence,  596 

classification  of,  600 

definition,  596 

etiology,  600 

organic,  600 

paralytic,  605 

prognosis,  607 

psychical,  602 

symptomatology,  607 

treatment,  608 
Impotentia  coeundi,  596 

generandi,  645 
Incontinence,  seminal,  612,  614 
Indican  in  the  urine,  743 
Indoxyl  -  potassium     sulphate    in     the 

urine,  693 
Indoxyl-sulphuric  acid  in  the  urine,  743 
Ingals,  E.  Fletcher,  on  Hay  Fever,  181 
Inosite  in  the  urine,  698,  731 

tests  for,  732 
Iodine  in  the  urine,  tests  for,  749 

Jaffe's  test  for  indican,  743 
Jaksch's  test  for  diacetic  acid,  739 
Jolles'  test  for  mercury  in  the  urine,  749 
June  cold,  183 

Karyokinesis  in  leukaemia,  422 
method  of  demonstrating,  289 
of  the  red  blood  corpuscles,  246 
of  the  white  blood  corpuscles,  259 
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Karyomitosis,  423 
Kleiu's  blood  staiu,  287 
Knock-knee  in  rickets,  541 
Knopf's  test  for  urea,  683 

Lactic  acid  in  the  urine.  696 
Lactose  in  the  urine,  698,  733 
Landois'  method  of  determining  the  al- 
kalinity of  the  blood,  282 
Lead  in  the  urine,  test  for,  748 
Le  Noble's  test  for  acetone,  738 
Leucin  in  the  urine,  758 
Leucoblasts,  236 
Leucocytes,  see  Blood,  white  corpuscles  of 

the 
Leucocythaemia,  399 
Leucocytosis,  298 

agonal,  305 

cachectic,  305 

cancerous,  305 

definition,  298 

digestive,  303 

etiology,  303 

infectious,  303 

inflammatory,  303 

mechanical,  306 

medicinal,  306 

of  pregnancy,  303 

of  the  new-born,  303 

pathogenesis,  298 

post-hemorrhagic,  305 

the  blood  in,  302 

thermal,  306 
Leucolysis,  299 
Leucomains  in  the  urine,  776 
Leucopenia,  299,  306 
Leukemia,  399 

acute,  436 

blood  changes  in,  412 

complications,  437 

definition,  399 

diagnosis,  438 

etiology,  401 

geographical  distribution,  401 

history.  399 

infection  theory  of,  404 

lienomedullary,  425 

pathogenesis,  426 

pathological  anatomy,  405 

prognosis,  441 

pseudo-,  443 


Leukaemia,  symptoms,  429 
synonyms,  399 

treatment,  441  , 

Levulose  in  the  urine,  733 

test  for,  734 
Leyden- Charcot    crystals     in     asthma, 
151 
in  leukaemia,  423 
Liebig's  test  for  urea,  681 
Limbeck's  method  of  determining  the 

alkalinity  of  the  blood,  283 
Limbs,  rachitic  deformities  of  the,  540 
Lipacidsemia,  239 
Lipsemia,  297 

Lung,    condition    of    the,    in    pneumo- 
thorax, 100 
in  serofibrinous  pleurisy,  21 
oedema  of  the,   complicating    pleu- 
risy, 61 
Lymphaemia,  237,  425 
Lymphatic  glands  in  Hodgkin's  disease, 
447,  450 
in  leukaemia,  408 
Lymphocytes  of  the  blood,  251 

MacMitnts's  test  for  indican,  743 

for  indoxyl-potassium  sulphate,  693 
Macrocytes  of  the  blood,  245 
Main,    E.,    on    Diseases    of    the    Dia- 
phragm, 217 

on  Diseases  of  the  Mediastinum,  205 
Male  sexual  organs,  functional  disorders 

of  the,  595 
Maltose  in  the  urine,  734 
Markzellen,  253 

in  leukaemia,  418 
Masturbation,  616 
Mastzellen  granules,  256 

in  the  sputum  of  asthma,  151 
Mediastinum,  abscess  of  the,  214 

adenopathy  of  the,  213 

boundaries  of  the,  207 

cancer  of  the,  212 
Mediastinum,  Diseases  of  the,  207 

tumors,  208  ;  abscess,  214 
Mediastinum,  pleurisy  of  the,  58 

tuberculous  adenopathy  of  the,  213 

tumors  of  the,  208 
etiology,  313 
pathological  anatomy,  313 
prognosis,  213 
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Mediastinum,  tumors  of  the,  symptoms, 
208 
treatment,  214 
Megalocytes  of  the  blood,  245 
Melangemia,  297 
Melanin  in  the  urine,  759 
Menopause,  565 

precocious,  565 

troubles  of  the,  590 
treatment,  591 
Menorrhagia,  574 

diagnosis,  578 

etiology,  575 

pathogenesis,  575 

prognosis,  578 

symptoms,  577 

treatment,  578 
Menstruation,  absence  of,  568 

cessation  of,  565 
Menstruation,  Disorders  of,  565 

ameuorrhoea,      568 ;      menorrhagia, 

574 ;  dysmenorrhcEa,  582  ;   the  trou- 
bles of  the  menopause,  590 
Menstruation,  duration  of  normal,  575 

establishment  of,  567 

excessive,  574 

ganglia  of,  566 

hygiene  of,  568 

normal,  565 

painful,  582 

precocious,  565 

relation  of,  to  ovulation,  566 

uterine  changes  during,  566 
Mercury  in  the  urine,  tests  for,  749 
Methfemoglobin,  spectroscopic  lines  of, 

279 
Metrorrhagia,  574 

diagnosis,  578 

etiology,  575 

pathogenesis,  575 

prognosis,  578 

symptoms,  577 

treatment,  578 
Micrococcus  urese,  773 
Microcytes  of  the  blood,  244 
Micro-organisms  in  the  urine,  772 
Millard's  test  for  albumin,  713 
Millon's  test  for  albumin,  713 
MiscaiTiage,    diagnosis  of,    from  mem- 
branous dysmenorrhoea,  585 
Mohr's  test  for  chlorides  in  the  urine,  699 


Morbus  anglicus,  529 

haematicus,  514 

hsemorrhagicus,  470 

maculosus  Werlhofii,  483 

virgineus,  326 
Morphine  in  the  urine,  tests  for,  751 
Mucin  in  the  urine,  696,  722 

tests  for,  723 
Mulder's  test  for  sugar,  728 
Muroxide  test  for  uric  acid,  687 
Myelocytes,  258 

in  leukaemia,  418 

Naphthalen"  in  the  urine,  test  for,  750 
Neuralgia,  diaphragmatic,  230 
NeutrophHes  of  the  blood,  252 
Neutrophilic  granules,  256 
New-born,  hemorrhagic  disease  of  the, 

516 
Nucleoalbumin  in  the  urine,  697 
Nucleohiston,  26  L 
Nylander's  test  for  sugar,  726 

(Edexia,  febrile  purpuric,  481 
Old  age,  pleurisy  in,  60 
Oligasmia,  293 
Oligochromaemia,  310 
Oligocythsemia,  310 
Oligospermatism,  654 
Oligozoospermatism,  648 
Oliver's  test  for  bile  acids,  740 
Onanism,  616 

asthma  from,  173 

causes  of  injury  in,  618 

in  animals,  618 

mental  symptoms,  621 

prognosis,  622 

prophylaxis,  623,  636 

symptoms,  620 

treatment,  623 
Ossification,  disturbance  of,  in  rachitis, 

534 
Ovulation,  relation  of,  to  menstruation, 

566 
Oxalates  in  the  urine,  755 
Oxalic  acid  in  the  urine,  695 
Oxyhsemoglobin,  spectroscopic  lines  of, 

279 
Oxyphilic  granules,  255 

Pacln-i's  fluid,  266 
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Paraglobulin  in  the  urine,  715 
Paralysis,  rachitic  pscudo-,  547 

scorbutic  pscudo-,  511 
Parasites,  aniumiu  caused  by,  314 

in  the  urine,  771 

pernicious  antemia  caused  by,  367 
Paraxanthin  in  the  urine,  tests  for,  778 
Pavy's    quantitative    determination    of 

sugar  in  the  urine,  728 
Pectoriloquy,  aphonic,  36 
Pectus  carinatum,  540 
Pettenkofer's  test  for  bile  acids,  740 
Peliosis  rheumatica,  479 
Pelvis,  rachitic  deformities  of  the,  540 
Pemphigus  scorbuticus,  502 
Pentose  in  the  urine,  734 

tests  for,  735 
Pepsin  in  the  urine,  696 
Peptones  in  the  urine,  717 

tests  for,  718 
Pericarditis  complicating  pleurisy,  61 
Phenylglucasozone,  726 
Phenylhj'-drazin  test  for  sugar,  726 
Phenylpeutosazone,  735 
Phosphates  in  the  urine,  700,  756 

tests  for,  701 
Phosphoric  acid  in  the  urine,  700 

tests  for,  702 
Phthisis  nervosa,  329 
Pigments,  urinary,  694 
Pine  acids  in  the  urine,  test  for,  752 
Plaques,  blood,  262 
Plasma  of  the  blood,  hypertonicity  of, 

284 
Plethora,  291 

ad  spatium,  291 

apocoptica,  291 

hydrtemica,  291 

leukaemic,  429 

serosa,  291 

vera,  291 
Pleura,    adhesions    of    the,     following 
pleurisy,  64 

air  in  the,  96 

blood  in  the,  115 

carcinoma  of  the,  121 

cohesion   of    opposing   surfaces    of 
the,  18 
Pleura,  Diseases  of  the,  3 

dry  pleurisy,  3  ;   serofibrinous  pleu- 
risy, 10  ;  purulent  pleurisy,  38  ;  va- 


rieties of  pleurisy,  51  ;  complica- 
tions of  pleurisy,  61  ;  sequelaj  of 
pleurisy,  64 ;  diagnosis  of  pleurisy, 
68  ;  prognosis  of  pleurisy,  73  ;  treat- 
ment of  pleurisy,  77 ;  pneumo- 
thorax, 96;  hiemothorax,  115;  hy- 
drothorax,  117 ;  cchinococcus  of  the 
pleura,  118;  vialignant  new  growths, 
121;  bibliography,  124 
Pleura,  echinococcus  of  the,  118 

bibliography,  126 
effusion  in  the,  dropsical,  117 

hemorrhagic,  51,  115 

inflammatory,  10 
inflammation  of  the,  3.     See  Pleurisy 
malignant  new  growths  of  the,  121 

bibliography,  126 

diagnosis,  123 

hemorrhagic  effusion  in,  51 

symptoms,  122 

treatment,  134 
pus  in  the,  38 
sarcoma  of  the,  121 
thickening  of,    following  pleurisy, 

65 
tuberculosis  of,  11,  52 

diagnosis,  71 
Pleurisy,  bibliography,  124 

cerebral  disturbances  complicating, 

62 
chronic,  treatment,  87 
chyliform,  53 
chylous,  53 
complications  of,  61 
diagnosis  of,  68 

of  effusion  in,  69 
diaphragmatic,  55 
double,  58 
dry,  3 

definition,  3 

diagnosis  of,  68 

etiology,  3 

pathological  anatomy,  4 

physical  signs,  9 

prognosis  of,  73 

symptoms,  6 
dry -diet  treatment  of,  79 
encapsulated,  55 

exploratory  puncture  in  the  diagno- 
sis of,  72 
future  of  sufferers  from,  11 
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Pleurisy,  hemorrhagic,  51 

in  infancy  and  childhood,  59 
interlobar,  57 
latent,  treatment,  87 
mediastinal,  58 
pericarditis  complicating,  61 
pneumococcal,  13 
prognosis  of,  73 
proliferative,  65 

physical  signs  of,  66 
pulmonary  oedema  complicating,  61 
pulsating,  54 

purulent,  38.     See  Emyyema 
rheumatic,  13 
senile,  60 
sequelge  of,  64 
serofibrinous,  10 
acute,  22 
chronic,  25 
definition,  10 
diagnosis  of,  68 
etiology,  10 

in  infancy  and  childhood,  59 
latent,  25 

pathological  anatomy,  15 
physical  signs,  26 
position  occupied  by  the  fluid, 

17,  29 
prognosis  of,  73 
reabsorption  of  the  fluid,  37 
signs  of  large  effusion,  32 
signs  of  moderate  effusion,  31 
signs  of  small  effusion,  30 
symptoms,  22 
treatment,  79 
sudden  death  in,  63 
syphilitic,  13 
thoracocentesis,  81 
treatment  of,  77 
tuberculous,  11,  53 
diagnosis  of,  71 
varieties  of,  51 
with  effusion,  10 
"with  pneumothorax,  99 
Pneumaturia,  745 
Pneumohaemothorax,  96 
Pneumohydrothorax,  96 
Pneumonia,    diagnosis    of,   from    pleu- 
risy, 70 
Pneumopyothorax,  96 
Pneumothorax,  96 


Pneumothorax,  accidental,  99 
bibliography,  126 
closed,  101 
complications,  107 
course,  110 
definition,  96 
diagnosis,  107 
effusion  in,  106 

diagnosis  of,  110 
essential,  99 
etiology,  97 
in  children,  98 
open,  101 

pathological  anatomy,  100 
physical  signs,  104 
prognosis,  110 
symptoms,  103 
treatment,  112 
tuberculous,  prognosis,  110 
Poikilocytes,  245 

in  pernicious  anaemia,  374 
Polariscopic  test  of  sugar  in  the  urine, 

731 
Pollutions,  612,  614 
Polysemia,  291 
Polycythsemia,  308 

alba,  298 
Propionic  acid  in  the  urine,  696 
Protalbumose,  716 
Proteids  in  the  urine,  706 
Proteoses  in  the  urine,  716 
Prothrombin,  296 
Pseudoansemia,  310 
Pseudobacilli  of  the  blood,  245 
Pseudoleuksemia,  443 
Ptomains  in  the  urine,  776 
Purdy's    quantitative  determination  of 
sugar  in  the  urine,  730 
test  for  albumin,  710 

for  chlorides  in  the  urine,  699 
Purpura,  470 

cachectica,  472 
classification  of,  477 
definition,  470,  479 
diagnosis,  482,  488 
etiology,  470,  478,  479,  483 
fulminans,  487 
hsemorrhagica,  483 
complications,  488 
course,  487 
definition,  483 
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Purpura  hajmorrhagica,  diagnosis,  488 

etiology,  483 

history,  483 

pathological  anatomy,  484 

prognosis,  489 

sequeliE,  488 

symptoms,  485 
idiopathic,  474 
Infectious,  474 
maculosa,  478 
medicamentosa,  472 
morbilosa,  473 
nature  of,  470 
papulosa,  478 

pathological  anatomy,  480,  484 
pemphigoid,  481 
primary,  474 
prognosis,  479,  482,  489 
rheumatica,  479 

complications,  482 

course,  483 

definition,  479 

diagnosis,  483 

etiology,  479 

pathological  anatomy,  480 

prognosis,  482 

symptoms,  480 
scarlatinosa,  473 
secondary,  474 
senilis,  471,  478 
simplex,  478 
symptomatic,  474 
symptoms,  478,  480,  485 
toxic,  472 
treatment,  490 
urticans,  481 
variolosa,  473 
Pus  in  the  urine,  761 
Putrescin  in  the  urine,  777 
Pyopneumothorax,  96 
subphrenicus,  108 
Pyuria,  761 

QircNTNE  in  the  urine,  tests  for,  750 

Rachitis,  529 

history,  529 ;  pathological  anatomy 
and  physiology,  531 ;  symptoms, 
537  ;  prognosis,  543  ;  complications, 
544 ;  diagnosis,  549 ;  etiology  and 
pathogenesis,  552 ;  prophylaxis, 
556 ;  treatment,  556 


Rachitis,  complications,  544 

congenital,  537 

craniotabes  in,  538 

definition,  529 

deformities  of,  538 

surgical  treatment  of,  560 

diagnosis,  549 

etiology,  552 

foetal,  537 

history,  529 

pathogenesis,  552 

pathological  anatomy  and  physiol- 
ogy, 531 

prognosis,  543 

prophylaxis,  556 

stages  of,  532 

surgical   treatment  of   the  deform- 
ities of,  560 

symptoms,  537 

synonyms,  529 

the  bones  in,  532 

theories  concerning,  555 

treatment,  556 

visceral  lesions  in,  536 
Ralfe's  test  for  acetone,  737 
Reducing  agents  in  the  urine,  724 
Reinsch's  test  for  arsenic  in  the  urine, 

747 
Reynolds'  test  for  acetone,  738 
Rhachitis,  529 
Rheumatism,  diaphragmatic,  223 

pleurisy  in,  13 
Rhinitis,  diagnosis  of,  from  hay  fever, 
187 

hypergesthetica,  183 
Rhubarb  in  the  urine,  test  for,  752 
Ribs,  rachitic  deformities  of  the,  540 

resection  of,  in  empyema,  90 
Rickets,  529 

RiEGEL,  Fkaxz,  on  Asthma,  127 
Rosary,  rachitic,  540 
Rose  cold,  183 

Rosenbach's  test  for  bile  pigments,  742 
Rupia  scorbutica,  502 

Saccharimeter,  Einhorn's,  729 
Saccharose  in  the  urine,  734 
Salicylic  acid  in  the  urine,  test  for,  751 
Salkowski's  test  for  pentose.  735 
Santonin  in  the  urine,  test  for,  751 
Sarcinse  in  the  urine,  773 
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Schistocytes  of  the  blood,  245 
Schmalz's  method   of    determining  the 

specific  gravity  of  the  blood,  282 
Schulz-Schultzenstein's  method    of  de- 
termining the  alkalinity  of  the  blood, 
283 
Scorbutus,  491 

infantile,  508 
Scurvy,  491 

clinical  course,  504 
complications,  505 
definition,  491 
diagnosis,  505 
etiology,  492 

geographical  distribution,  492 
history,  491 
in  infancy,  508 
definition,  508 
diagnosis,  512 
etiology,  509 
history,  508 

pathological  anatomy^  510 
prognosis,  513 
symptoms,  511 
treatment,  513 
infection -theory  of,  496 
morbid  anatomy,  497 
pathogenesis,  495 
prognosis,  506 
sequelse,  505 
symptoms,  500 
treatment,  506 
Self-abuse,  616 
Semen,  absence  of,  649,  654 
bloody,  651 
blue,  653 
green,  653 
losses  of,  612,  614 
normal  composition  of,  645 
pus  in  the,  653 
red,  651 
rusty,  651 
secretion  of,  645 

abnormal,  647 
wine-colored,  653 
Senna  in  the  urine,  test  for,  752 
Serum  of  the  blood,  changes  in  the  vital 
properties  of  the,  241 
chemical  composition  of  the,  240 
Serumglobulin  in  the  urine,  715 
Sexual  excesses,  625 


Sexual    Organs,    Fimctional    Disor- 
ders of  tlie  Male,  595 

introduction,   595;   impotence,  596; 

spermatorrhffia,  612;   sterility,  644; 

bibliography,  658 
Spectroscopic  examination  of  the  blood, 

279 
Spermatorrhoea,  612 

diagnosis,  633 

etiology,  613 

false,  613 

from  local  irritation,  627 

from  onanism,  616 

from  pollutions,  614 

from  sexual  excesses,  625 

mental  symptoms,  632 

prognosis,  635 

prophylaxis,  636 

symptomatology,  629 

treatment,  638 
general,  642 
local,  639 

true,  612    • 
Spermatozoa,  646 

in  the  urine,  769 
Spleen,  alterations  in,  in  leukaemia,  406 
Splensemia,  237 
Sputum  of  asthma,  147 
Spiegler's  test  for  albumin,  711 
Squibb 's  test  for  urea,  684 
Stengel,  Alfred,  on  Diseases  of  the 

Blood,  231 
Sterility  in  man,  644 

definition,  644 

diagnosis,  656 

etiology,  645 

from  abnormal    seminal  excretion, 
647 

from  aspermatism,  649,  650 

from  azoospermatism,  648 

from  eunuchism,  654 

prognosis,  656 

treatment,  657 
Succinic  acid  m  the  urine,  696 
Sugar  in  the  urine,  698,  723 

quantitative   determination  of, 

728 
tests  for,  724 
Sulphates,  ethereal,  in  the  urine,  692 
tests  for,  693 

in  the  urine,  703 
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Sulphates,    indoxyl-potassium,    in    the 

urino,  693 
Sulphuretted  liydrogen  in  the  urine,  746 

tests  for,  747 
Sutton's  test  for  chlorides  in  the  urine, 

700 
Syphilis,  pleural,  13 

TmocYANic  acid,  691 

Thoma-Zeiss    method  of    counting  the 

blood  corpuscles,  267 
Thoracocentesis,  81 

amount  of  fluid  to  be  withdrawn, 
85 

technique,  83 
Thoracotomy,    expansion   of    the    lung 
after,  94 

with  resection  for  empyema,  90 
Thorax,  rachitic  deformities  of  the,  540 
Thrombosin,  295 
Toisson's  fluid,  267 
Tollen's  pentose  reaction,  735 
Toxaemia,  menstrual,  567 
Toxins  in  the  urine,  776 
Trichomonas  in  the  urine,  771 
Trimethylamin  in  the  urine,  778 
Trommer's  test  for  sugar,  724 
Truax's  test  for  albumin,  713 
Tuberculosis,  aufemia  in,  317 

following  pleurisy,  64 

in  the  etiology  of  empyema,  41 

mediastinal,  212 

pleural,  52 

pulmonary,  pneumothorax  with,  97 

relation  between  serofibrinous  pleu- 
risy and,  11 
Turpentine  in  the  urine,  test  for,'  752 
Typhoid  fever,  diazo  reaction  in,  744 
Tyrosin  in  the  urine,  758 

Ultzmann's  test  for  bile  pigments,  742 

Urates  in  the  urine,  754 

Urea,  678 

tests  for,  680 

Ureometer,  684 

Uric  acid  in  the  urine,  686,  754 
tests  for,  687 

Urine,  analysis  of  the,  663 

anatomical  sediments  in  the,  760 
animal  parasites  iu  the,  771 
aromatic  substances  in  the,  691 


Urine,  bacillus  coli    communis    in    the, 
775 
tuberculosis  in  the,  774 
typliosus  in  the,  775 

bacteria  in  the,  772 

beatiu  in  the,  778 

biuret  reaction,  681 

blood  in  the,  763 

cadaverin  in  the,  777 

casts  in  the,  765 
Urine,  Chemical  and  Microscopical 
Examination  of  the,  GGo 

historical  note,   663 ;   normal  urine, 

665 ;      physical      properties,     667 ; 

chemical  properties,  677 ;   abnormal 

urine,     705 ;     physical    properties, 

705 ;      chemical     properties,      706 ; 

drugs  in  the  urine,    747 ;    urinary 

sediments,  752  ;  chemical  sediments, 

754 ;    anatomical     sediments,     760 ; 

ptomains,  leucomains,  and  toxins  in 

the  urine,  776 
Urine,  chemical  properties  of  abnormal, 
706 
of  normal,  677 

chemical  sediments  in,  754 

collection  of,  for  analysis,  667 

color  of  normal,  667 

consistence  of  normal,  672 

cylindroids  in  the,  768 

cystin  in  the,  757 

diazo  reaction,  744 

distoma  haematobium  in  the,  771 

drugs  in  the,  747 

echinococcus  in  the,  771 

epithelium  in  the,  760 

examination  of  the,  663 

fat  in  the,  759 

filaria  sanguinis  hominis  in  the,  771 

gases  in  the,  705,  745 

gonococcus  in  the,  774 

haemoglobin  in  the,  467 

inorganic  constituents  of  the,  698 

leucin  in  the,  758 

leucomains  in  the,  776 

melanin  in  the,  759 

methgemoglobin  in  the,  467 

micrococcus  urese  in  the,  773 

normal,  665 

odor  of  normal,  672 

quantity  of  normal,  671 
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Urine,  parasites  in  the,  771 
phosphates  in  the,  756 
physical  properties  of  abnormal,  705 

of  normal,  667 
pigments  of  the,  694 
ptomains  in  the,  776 
pus  in  the,  761 
putrescin  in  the,  777 
reaction  of  normal,  673 
reducing  agents  in  the,  734 
sarcinse  in  the,  773 
secretion  of,  665 
sediments  in  the,  753 

anatomical,  760 

chemical,  754 
specific  gravity  of  normal,  674 
spermatozoa  in  the,  769 
tests  for  acetanilide,  750 

acetone,  737 

albumin,  709 

allantoin,  690 

antifebrin,  750 

antipyrin,  751 

arsenic,  747 

bile  acids,  740 

bile  pigments,  743 

bromine,  749 

carbohydrates,  784 

carbonates,  704 

carbonic  acid,  704 

chlorides.  699 

creatin,  691 

creatinin,  691 

diacetic  acid,  739 

ethereal  sulphates,  693 

fibrin,  721 

globulin,  716 

glycogen,  737 

glycuronic  acid,  736 

haematoporphyrin,  723 

haemoglobin,  720 

hippuric  acid,  693 

hydrogen  sulphide,  747 

hydroxy  butyric  acid,  744 

indican,  743 

indoxyl -potassium  sulphate,  693 

indoxyl -sulphuric  acid,  743 

inosite,  733 

iodine,  749 

lead,  748 

levulose,  734 


Urine,  test  for  maltose,  734 

mercury,  749 

morphine,  751 

mucin,  733 

naphthalin,  750 

nucleoalbumin,  697 

oxalic  acid,  695 

paraxanthin  in  the,  778 

pentose,  735 

peptone,  718 

phosphates,  701 

phosphoric  acid,  703 

pine  acids,  753 

quinine,  750 

rhubarb,  753 

saccharose,  734 

salicylic  acid,  751 

santonin,  751 

senna,  752 

sulphates,  703 

sulphuretted  hydrogen,  747 

turpentine,  753 

urea,  680 

uric  acid,  687 

urobilin,  694 

urochrome,  695 

uroerythrin,  695 

xanthin,  690 
toxicity  of  the,  779 
toxins  in  the,  776 
translucency  of  normal,  670 
trichomonas  in  the,  771 
trimethylamin  in  the,  778 
tumor  fragments  in  the,  770 
tyrosin  in  the,  758 
vegetable  parasites  in  the,  773 
yeast  plant  in  the,  773 
Urobilin,  694 
Urochrome,  695 
Uroerythrin,  695 
Urotoxic  coefficient,  779 

Veins,  chlorotic  murmurs  in  the,  346 

"Weelhof's  disease,  483 

Whitney,  Herbert  B.  ,  on  Diseases  of 

the  Pleura,  1 
Wood's  test  for  lead  in  the  urine,   748 

Xanthin,  test  for,  690 
Yeast  plant  in  the  urine,  773 


